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WE CLAIM : 

1 . A method of detecting a nucleic acid having at least two portions comprising: 
providing a type df nanoparticles having oligonucleotides attached thereto, 

the oligonucleotides on each nanoiarticle having a sequence complementary to the sequence 

of at least two portions of the nucleic acid; 

contacting the nucleit acid and the nanoparticles under conditions effective 

to allow hybridization of the oligonAfleotides on the nanoparticles with the two or more 

portions of the nucleic acid; and 

observing a detectable Vhange brought about by hybridization of the 

oligonucleotides on the nanoparticles witk the nucleic acid. 



P 2. A method ofdetectingnucleidacidJ^aving at least two portions comprising: 

contacting the nucleic acid/WiW at leaWo types of nanoparticles having 
oligonucleotides attached thereto, the oHgonuVleotides V the first type of nanoparticles 
having a sequence complementary to a first portlbn of the )fequence of the nucleic acid, the 
oligonucleotides on the second type of imopartikshavj^^ complementary to 

a second portion of the sequence of mnyjc}^A^. ±c cbntacting taking place under 
conditions effective to allow hybridizatii^fJ^the oligonucleotides on the nanoparticles with 

the nucleic acid; and 

observing a detectable cVLige brou^t aboxk by hybridization of the 

oligonucleotides on the nanoparticles withl^e nucleic aVid. 

3. The method of Claim 2 wherein the contacting conditions include freezing 
and thawing. 

4. The method of Claim 2 wherein the contacting Conditions include heating. 
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5. The method of Claiiil 2 wherein the detectable change is observed on a solid 



surface. 



6. The method of Claim \ wherein the detectable change is a color change 
observable with the naked eye. 



7. The method of Claim 6 wherein the color change is observed on a solid 



surface. 



8. The method of Claim 2 wheremAe nanoparticles are made of gold. 

9. The method of Claim 2 whe^in thte oligonucleotides attached to the 
nanoparticles are labeled on their ends not attachfed to th\ nanoparticles with molecules that 
produce a detectable change upon hybridization oAthe oli^nucleotides on the nanoparticles 
with the nucleic acid. 

10. The method of Clajm^ 9 whereirA the iknoparticles are metallic or 
semiconductor nanoparticles and the>^igonucleotid{js atta^ed to the nanoparticles are 
labeled with fluorescent molecules. 



1 1 . The method of Claim 2 wherein: 

the nucleic acid has a third portion loca^d between the first and second 
portions, and the sequences of the oligonucleotides on 4e nanoparticles do not include 
sequences complementary to this third portion of the nuclek: acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking place 
under conditions effective to allow hybridization of the filler oligonucleotide with the nucleic 
acid. 
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12.' The method of Claim 2 wherein the nucleic acid is viral RNA or DNA. 



13. The method of Claim 2 wherein the nucleic acid is a gene associated with a 



disease. 



14. The method of Clkim 2 wherein the nucleic acid is a bacterial DNA. 



15. The method of Claim 2 wherein the nucleic acid is a fungal DNA. 



PI 



16. The method of Claim i2 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified f^atural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

1 7. The method of Clain/ 2 wheJbin the nucleic acid is from a biological source. 

1 8. The method of Clai|n 2 wherei4*[€nucle\c acid is a product of a polymerase 
chain reaction amplification. 

1 9. The method of ClaiU 2 wherein the ^ucleic ^cid is contacted with the first and 
second types of nanoparticles simxUtaneously. 



20. The method of Claim 2 wherein the nudJeic acid is contacted and hybridized 
with the oligonucleotides on the first type of nanopartiojes before being contacted with the 
second type of nanoparticles. 



2 1 . The method of Claim 20 wherein the first tyj^e of nanoparticles is attached to 
a substrate. 



149 



4149-1-1-1-1 



22. The method of Claim 2 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 

23. A method of detecting nicleic acid having at least two portions comprising: 
providing a substrate havihg a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides itached thereto, the oligonucleotides having a 
sequence complementary to a first portionW the sequence of a nucleic acid to be detected; 

contacting said nucleic acidWigi the nanoparticles attached to the substrate 
under conditions effective to allow hybijfiizafonoh^ie oligonucleotides on the nanoparticles 

with said nucleic acid; 

providing a second type of nakoparticl^ having oligonucleotides attached 
thereto, the oligonucleotides having a ^quence\omplemdptary to on^or more other portions 
of the sequence of said nucleic aci A 

contacting said nucli<i aci^>rtula^to the substrate with the second type of 

nanoparticles under conditions effecffCtto allow hW 
second type of nanoparticles with saidhucleic aci(^ and 
observing a detectable change. 

24. The method of Claim 23 wherein the Lbstrate has a plurality of types of 
nanoparticles attached to it in an array to allow for thi detection of multiple portions of a 
single nucleic acid, the detection of multiple different ribcleic acids, or both. 

25. A method of detecting nucleic acid havingy least two portions comprising: 
providing a substrate having a first type of nanoparticles attached thereto, the 

nanoparticles having oligonucleotides attached thereto, t\e oligonucleotides having a 
sequence complementary to a first portion of the sequence of\ nucleic acid to be detected; 
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contacting said nuileic acid with the nanoparticles attached to the substrate 
under conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with said nucleic acid; 

providing a secondltype of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to one or more other portions 
of the sequence of said nucleic acid|| 

contacting said nuclelfc acid bound to the substrate with the second type of 
nanoparticles under conditions effective to allow hybridization of the oligonucleotides on the 
second type of nanoparticles with saidViucleic acid; 

providing a binding oligonucleotide having a selected sequence having at least 
two portions, the first portion being comblementarvto at least a portion of the sequence of 
the oligonucleotides on the second type ojjmnoparticl 

contacting the binding oligonucleotide v/vt the second type of nanoparticles 
bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on thananoparticles 

providing a third tyrie of nanoVarticlesjxa^g oligonucleotides attached 
thereto, the oligonucleotides having alsequence^pif^ementa^ to the sequence of a second 
portion of the binding oligonucleotide 

contacting the third tyftfe of nanop^icles with faie binding oligonucleotide 
bound to the substrate under conditioms effective \to allow hwridization of the binding 
oligonucleotide to the oligonucleotides Vbn the nanoparticles; and 

observing a detectable change. 



26. The method of Claim 25 wherein the substrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 



A method of detecting nucleic acid having at^east two portions comprising: 
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contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridizatipn of the oligonucleotides on the substrate v/ith said 
nucleic acid; \ 

contacting said nucleic actid bound to the substrate with a furst type of 
nanoparticles having one or more types of ©ligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the mnoparticles with said nucleic acid; 

contacting the first type of nanoparticles bound to the substrate with a second 
type of nanoparticles having oligonucleotid^^attachM^ereto, the oligonucleotides on the 
second type of nanoparticles having a sequence complementary to at least a portion of the 
sequence of one of the types of olig/nucleotidis on theXfirst type of nanoparticles, the 
contacting taking place under conditions efRtctive to\ alloW/hybridization of the 
oligonucleotides on the first and secmnd types of nmopartipleS^ 

observing a detectable\ chan£ g^ ^ \ 

28. The method of Claim 27 whWein the first tybe of nandparticles has only one type 
of oligonucleotides attached thereto, the oligonucleotide having aSsequence complementary 
to the second portion of the sequence of said nucleic acid and to at least a portion of the 
sequence of the oligonucleotides on the second type of nHnoparticles. 

29. The method of Claim 28 fiirther comprisina contacting the second type of 
nanoparticles bound to the substrate with the first type of nanoparticles, the contacting taking 
place under conditions effective to allow hybridization of thV oligonucleotides on the first 
and second types of nanoparticles, \ 
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30. The method of Clair 1 27 wherein the first type of nanoparticles has at least two 
types of oligonucleotides attac ied thereto, the first type of oligonucleotides having a 
sequence complementary to the sbcond portion of the sequence of said nucleic acid, and the 
second type of oligonucleotides having a sequence complementary to the sequence of at least 
a portion of the oligonucleotides on the second type of nanoparticles. 



31. The method of Clak^30 further comprising contacting the second type of 
nanoparticles bound to the substrate With the first type of nanoparticles, the contacting taking 
place under conditions efifepve to ^low hybridization of the oligonucleotides on the first 
and second types of nanoparticles. 
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32. The method hf Claim 27\ wherein the\sui>stfate has a plurality of types of 
oligonucleotides attached kfl) it in an anm to dlpv^r\the detection of multiple portions of 
a single nucleic acid, the c^tfction otfsk^ple different nucleic acids, or both. 

33 . The method hf}my one of Cl)|ims 23-32 wh\rein the substrate is a transparent 
substrate or an opaque white sf bstrate. 

34. The method of Claim 33 wherein the detectable change is the formation of 
dark areas on the substrate. 



35. The method of any one of Claims E3-32 wherein the nanoparticles are made 



of gold. 



36. The method of any one of Claims 23\32 wherein the substrate is contacted 
with silver stain to produce the detectable change. 
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37. The method of any \nt of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 
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38. A method of detecting iaucleic acid having at least two portions comprising: 
contacting a nucleic Wid to be detected with a substrate having 

oligonucleotides attached thereto, the oligpnucleotides having a sequence complementary to 
a first portion of the sequence of saijJ^uclei^acid, the contacting taking place under 
conditions effective to allow hybridi^tion )pf the o\gonucleotides on the substrate with said 
nucleic acid; 

contacting said rfucleic acSd bounS to the substrate with a type of 
nanoparticles having oligonuckptides attacned thereto, the olmpnucleotides having a 
sequence complementary to a sltcond portion of the Wqucfice of said nucleic acid, the 
contacting taking place xmder|iconditiops--mective\ to allow hybridization of the 
oligonucleotides on the nano^artiws with said nucleic acid; 

contacting the subsmte with silve^stain toproduce a detectable change; and 

observing the detectable change. 

39. The method of Claim 38 wherein the naik>particles are made of a noble metal. 



40. The method of Claim 39 wherein the nanoftarticles are made of gold or silver. 

41. The method of Claim 38 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the (detection of multiple portions of 
a single nucleic acid, the detection of multiple different nuoJeic acids, or both. 



42. The method of any one of Claims 38-41 wheilpin the detectable change is 
observed with an optical scanner. 



154 



414^1-1-1-1 



I : E 

W 



43. A method of detecting nucleic acid having at least two portions comprising: 
contacting a nucleici acid to be detected with a substrate having 
oligonucleotides attached thereto, the dJigonucleotides having a sequence complementary to 
a first portion of the sequence of saiU nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the substrate with said 
nucleic acid; 

contacting said nucleic acio bound to the substrate v^th liposomes having 
oligonucleotides attached thereto, the oligomicleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid the contacting taking place imder conditions 
effective to allow hybridization of the oligonucleotides on the liposomes v^th said nucleic 
acid; 

contacting the liposomes/bouna to the^ substrate v^th a first type of 
nanoparticles having at least a first typeyoligonucleotides Attached thereto, the first type of 
oligonucleotides having a hydrophobjfc group attached to\ the end^not attached to the 
nanoparticles, the contacting taking place under conMitioii^^ef&ctive to allow attachment of 
the oligonucleotides on the nanoparticles to Ae^osomes a result of hydrophobic 
interactions; and 

observing a detectable cUange. 



44. A method of detecting nucleic acid having at least two portions comprising 
contacting a nucleic acid to be detected v^th a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a first portion of the sequence of said nucleic acid, the contacting taking place imder 
conditions effective to allow hybridization of the oligonucleot\des on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound to the substmte v^th liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridizationTpf the oligonucleotides on the liposomes with said nucleic 
acid; 

contacting the liposomes bound to the substrate with a first type of 
nanoparticles having at least a first type oligonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophobe group attached to the end not attached to the 
nanoparticles, the contacting taking pl^e under conditions effective to allow attachment of 
the oligonucleotides on the nanoparticks to the liposomes as a result of hydrophobic 
interactions; 

contacting the first type of nakopdfticies1>9imd to the liposomes with a second 
type of nanoparticles having oligonucleotide attached thei^to, 

the first type of nanoparmcles having a se;cond type of oligonucleotides 
attached thereto which have a sequence jtomplementary to at leW a portion of the sequence 
of the oligonucleotides on the second type of nanoparticles, 

the oligonucleotides on tn|p second type oKn?«i6particles having a 
sequence complementary to at leasLi portion ri^f the se^jicfice \f the second type of 
oligonucleotides on the first type of nai^ oparticles, 

the contacting tdking^-^Jlace Vmder condition^ effective to allow 
hybridization of the oligonucleotides on fflie first and ^cond types of nanoparticles; and 
observing a detectable change. 



45. The method of Claim 43 or 44 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

46. The method of Claim 43 or 44 wherein the nanoparticles are made of gold. 

47. The method of Claim 43 or 44 wherein the substratp is contacted with silver 
stain to produce the detectable change. 
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of any one of Claims 43 or 44 wherein the detectable change is 



48. The method 
observed with an optical sc anner. 

49. A method oi dWcting nucleic acid having at least two portions comprising: 
providing a AibShBte having a first type of nanoparticles attached thereto, the 

nanoparticles having oligoluclSotides attached thereto, the oligonucleotides having a 
sequence complementary to ifirstW)rtion of the sequence of a nucleic acid to be detected; 

contacting said/^clelc^id with the nanoparticles attached to the substrate 
under conditions effective to /llow hy W^dfi^tion of the oligonucleotides on the nanoparticles 

with said nucleic acid; 

providing ai aggregate pr\be\omprising at least two types of nanoparticles 
having oligonucleotides aJtached thereto.Ye Vanog^rticlerof the aggregate probe being 
bound to each other as a re^h of the hybri^fleStiSi of some of the oligonucleotides attached 

tthe ly|j€sof nanopWticles of the aggregate probe having 
teto which have aWqience complementary to a second portion 



to them, at least one o 
oligonucleotides attached 
of the sequence of said nudle 



c acid; 



contacting s\i^ nucleic acid bounffl to the substrate with the aggregate probe 
allow hybridizationipf the oligonucleotides on the aggregate 



under conditions effective t 
probe with said nucleic acid; and 

observing a detectable change 



50. The method of Claim 49 wherein the sVbstrate has a plurality of types of 
nanoparticles attached to it in an array to allow for the Hetection of multiple portions of a 
single nucleic acid, the detection of multiple different nuVleic acids, or both. 

51. A method of detecting nucleic acid having atMeast two portions comprising: 
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providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a\sequence complementary to a first portion of the sequence of a 

nucleic acid to be detected} 

providing an^ggregate probe comprising at least two types of nanoparticles 
having oligonucleotides attaWd thereto, the nanoparticles of the aggregate probe being 
bound to each other as a resultW the hybridization of some of the oligonucleotides attached 
to them, at least one of thA types of nanoparticles of the aggregate probe having 
oligonucleotides attached thy^tdJwlS^ave a sequence complementary to a second portion 
of the sequence of said nucleic aoid; 

contacting said nudleic aci^the substrate and the aggregate probe under 
conditions effective to lllow hybridkation of\aid^leic acid with the oligonucleotides on 
the aggregate probe anc vKth the oliaoiyideotides on the substrate; and 

observinjg a\detectd5re Change. 



52. The method o^aim 5 1 whekin said nudi|eic acid is contacted with the substrate 
so that said nucleic acid hybridizes witlAthe oligonucleotides on the substrate, and said 
nucleic acid bound to the substrate is thenVontacted with the aggregate probe so that said 
nucleic acid hybridizes with the oligonucledddes on the aggregate probe. 

53. The method of Claun 51 wher^n said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, and said nucleic acid bound to toe aggregate probe is then contacted with 
the substrate so that said nucleic acid hybridizes \Jnth the oligonucleotides on the substrate. 

54. The method of Claim 51 wherein said n\cleic acid is contacted simultaneously 
with the aggregate probe and the substrate. 
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55. The metho^ of Claim 51 wherein the substrate has a plurality of types of 
oligonucleotides attached^to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the dVection of multiple different nucleic acids, or both. 



56. 
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A method of detecting nucleic acid having at least two portions comprising: 
providing a subWate having oligonucleotides attached thereto; 
providing an ag^gate probe comprising at least two types of nanoparticles 
having oligonucleotides attached\thereto, the nanoparticles of the aggregate probe being 
bound to each other as a resuU oftiitti^ridization of some of the oligonucleotides attached 
to them, at least one of ypdboi: nanoparticles of the aggregate probe having 
oligonucleotides attached thalreto whict haV a sequence complementary to a first portion of 
the sequence of a nucleic adid to be dettetec 

providing a me of nanopaJtticlefeh^vifig at least two types of oligonucleotides 
be of oligMMJd^otiaes having a sequence complementary to a 
"ofsaid nucleic Vcid, the second type of oligonucleotides 
having a sequence compllLntary to atVeAt a portion of the sequence of the 
oligonucleotides attached to tfte substrate; 

contacting said nucleic acid, theLgregate probe, the nanoparticles and the 
substrate, the contacting taking place under condVions effective to allow hybridization of 
said nucleic acid with the oligonucleotides on the akregate probe and on the nanoparticles 
and hybridization of the oligonucleotides on the nandoarticles with the oligonucleotides on 

the substrate; and 

observing a detectable change. 



attached thereto, the first t 
second portion of the sequ 



57. The method of Claim 56 wherein said nudieic acid is contacted with the 
aggregate probe and the nanoparticles so that said nuc\eic acid hybridizes with the 
oligonucleotides on the aggregate probe and with the oligonucleotides on the nanoparticles, 
and said nucleic acid bound to the aggregate probe and nanoparticles is then contacted with 
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the substrate so that the oligonucleotides on the nanoparticles hybridize with the 
oligonucleotides on the substrate: 

58. The method of Claim\56 wherein said nucleic acid is contacted with the 
aggregate probe so that said nuclei^ acid hybridizes with the oligonucleotides on the 
aggregate probe, said nucleic acid bouAd to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acik hybridizes with the oligonucleotides on the 
nanoparticles, and said nucleic acid boundVo the aggregate probe and nanoparticles is then 
contacted with the substrate so that the oligo\ucleotides on the nanoparticles hybridize with 
the oligonucleotides on the substrate. 

59. The method of Claim 56 whereiA said nucleic acid is contacted with the 
aggregate probe so that said nucleic did hybridizes wi\h the oligonucleotides on the 



aggregate probe, the nanoparticles 



ire contadted withXthe substrate so that the 



oligonucleotides on the nanoparticles hybridize vn^^^ie^ti^clcotidcs on the substrate, 



and said nucleic acid bound to the aggr< 
bound to the substrate so that said nuc 
nanoparticles. 



;ate ppwlsthen contacted with the nanoparticles 
!cacid hybridiies with tke oligonucleotides on the 



60. The method of Claim 56 wherein the substrate Iks the oligonucleotides attached 
to it in an array to allow for the detection of multiple portions of a single nucleic acid, the 
detection of multiple different nucleic acids, or both. 

61 . The method of any one of Claims 49-60 wherein\jie substrate is a transparent 
substrate or an opaque white substrate. 



62. The method of Claim 6 1 wherein the detectable cl 
dark areas on the substrate. 

160 



ige is the formation of 



4U9-1-1-1-1 



63. The method of any orip of Claims 49-60 wherein the nanoparticles in the 
aggregate probe are made of gold. 

64. The method of any one of CMims 49-60 wherein the substrate is cpntacted with 
a silver stain to produce the detectable change. 

65. The method of any ^ of OJaims 45(^60 wherein the detectable change is 
observed with an optical scanner.; 

66. A method of detec ting nucleic aiid havingbt least two portions comprising: 
contacting a nudldc acid to \bedstetfed with a substrate having 

oligonucleotides attached thereto, M oligonyel^^es havinfe a sequence complementary to 
a fu-st portion of the sequence ofididnucleic dpid, the contacting taking place under 
conditions effective to allow hybridJ^tion of the oli||onucleoti^es on the substrate with said 
nucleic acid; 

contacting said nucleic acid bound toVhe substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides the liposomes with said nucleic 
acid; 

providing an aggregate probe comprising afileast two types of nanoparticles 
having oligonucleotides attached thereto, the nanoparticles of the aggregate probe being 
bound to each other as a result of the hybridization of some of the oligonucleotides attached 
to them, at least one of the types of nanoparticles of the aggregate probe having 
oligonucleotides attached thereto which have a hydrophobic ^oup attached to the end not 
attached to the nanoparticles; 
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contacting the liposomes bound to the substrate with the aggregate probe 
under conditionseffective to allowattacllnentoftheoligonucleotidesonthe aggregate probe 

to the liposomes as a result of hydrophobic interactions; and 
observing a detectable change. 

67. The method of Claim 66 wherd(n the nanoparticles in the aggregate probe are 
made of gold. 

68. The method of Claim 66 whe;?^n th\substrah^is contacted with a silver stain to 
produce the detectable change. 



69. The method of Claim 
oligonucleotides attached to it in an 
a single nucleic acid, the detection 6 



)6 wherein tHp substratAba^a plurality of types of 
■irray to allow Apdiedetedtion of multiple portions of 
multial€mffer¥nt nucleic Vcids, or both. 



70. A method of detectingUucleic acid havW at leastVwo portions comprising: 
providing a substrate^ having oligoAucleotides attached thereto, the 
oligonucleotides having a sequence complementary to Jj first portion of the sequence of a 

nucleic acid to be detected; 

providing a core probe comprising at leasl two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached theieto which are complementary to 
the oligonucleotides on at least one of the other types of n^oparticles, the nanoparticles of 
the aggregate probe being bound to each other as a resist of the hybridization of the 
oligonucleotides attached to them; 

providing a type of nanoparticles having t\^o types of oligonucleotides 
attached thereto, the first type of oligonucleotides having a sdfluence complementary to a 
second portion of the sequence of said nucleic acid, the second type of oligonucleotides 
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having a sequence complementari to a portion of the sequence of the oligonucleotides 
attached to at least one of the types af nanoparticles of the core probe; 

contacting said nuclei^ acid, the nanoparticles, the substrate and the core 
probe under conditions effective to allow hybridization of said nucleic acid with the 
oligonucleotides on the nanoparticles ana with the oligonucleotides on the substrate and to 
allow hybridization of the oligonucleotide's on the nanoparticles with the oligonucleotides 
on the core probe; and 

observing a detectable chang 



71 . The method of Claim 70ywherein sad nucleie^cid is contacted with the substrate 
so that said nucleic acid hybridizis with the dJigonucledddes on the substrate, and said 
nucleic acid bound to the substrate is then contected wiAWnanoparticles so that said 

Dnucleotides ao-thenanopdrticles, and the nanoparticles 
bound to said nucleic acid are conlalte^jwitfrthe cdre probe soWt the oligonucleotides on 
the core probe hybridize with the ddmonucleotides oV the nanopirticles. 



72. The method of Claim 70 wherein said Wcleic acid is contacted v^th the 
nanoparticles so that said nucleic acid hybridizes Vith the oligonucleotides on the 
nanoparticles, said nucleic acid bound to the nanopariicles is then contacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, and 
the nanoparticles bound to said nucleic acid are contactedVvith the core probe so that the 
oligonucleotides on the core probe hybridize with the oligonucleotides on the nanoparticles. 

73. A method of detecting nucleic acid having at lekst two portions comprising: 
providing a substrate having oligonucleotides attached thereto, the 

oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 
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providing a core probe comprising at least two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary to 
the oligonucleotides on at least bne other type of nanoparticles, the nanoparticles of the 
aggregate probe being bound t\ each other as a result of the hybridization of the 
oligonucleotides attached to them;\ 

providing a type \f linking oligonucleotides comprising a sequence 
complementary to a second portion\of the sequence of said nucleic acid and a sequence 
complementary to a portion of the seqiience of the oligonucleotides attached to at least one 
of the types of nanoparticles of th^oraprbl^; 

contacting said i^cleic adiid, thfe linking oligonucleotides, the substrate and 
the core probe under conditionfe effective to allo^hybridizatiop,of said nucleic acid with the 
linking oligonucleotides anfl with the oUgonudeotjdc^n the substrate and to allow 
hybridization of the oliapnucleotides ^p^^tfi^ linking oligonucleotides with the 
oligonucleotides on the coralprobe; 

observing aoBt^ctable change) 



74. The method of anVtone of Claims 76-73 wherein the substrate has a plurality of 
types of oligonucleotides attached to it in an ariray to allow for the detection of multiple 
portions of a single nucleic acid, the detection of multiple different nucleic acids, or both. 

75. The method of any one of Claims 70-\3 wherein the substrate is a transparent 
substrate or an opaque white substrate. 

76. The method of Claim 76 wherein the d^ectable change is the formation of 
dark areas on the substrate. 



77. The method of any one of Claims 70-73 wherein the nanoparticles in the core 
probe are made of gold. 
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78. The method of any ondof Claims 70-73 wherein the substrate is contacted with 
a silver stain to produce the detectable change, 

79. The method of any oife of Claims 70-73 wherein the detectable change is 
observed with an optical scanner. \ 

80.. A method of detecting a nutlei c acid h aving at least two portions comprising: 

providing nanoparticles b^^ting oligonucfe^tides attached thereto; 

providing one or more types of binding oligomicleotides, each of the binding 
oligonucleotides having two portions/ the sequence of one portibn being complementary to 
the sequence of one of the portions off the nucliic acid and the sequence of the other portion 
being complementary to the sequekc : of the oligonucleotides on the nanoparticles; 

contacting the nanoparticles md tfecf^mnding oligonucleotides under 
conditions effective to allow hybridiz^on oftji^igonucleotides on the nanoparticles vnih 
the binding oligonucleotides; ^^xC \ \ 

contacting the nucleic aciosmd the binding oligonucleotiUes under conditions 
effective to allow hybridization of the bincfing oligomicleotides with t^e nucleic acid; and 

observing a detectable changed \ 

81. The method of Claim 80 wherein the nakopanicies are contacted with the 
binding oligonucleotides prior to being contacted with thd nucleic acid. 

82. A method of detecting a nucleic acid having atMeast two portions comprising: 
providing nanoparticles having oligonucleotides attached thereto; 
providing one or more binding oligonucleotmes, each of the binding 

oligonucleotides having two portions, the sequence of one portion being complementary to 
the sequence of at least two portions of the nucleic acid and the sequence of the other portion 
being complementary to the sequence of the oligonucleotides on the nanoparticles; 
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contacting the rtanoparticles and the binding oligonucleotides under 
conditions effective to allow hybnVzation of the oligonucleotides on the nanoparticles with 
the binding oligonucleotides; 

contacting the nucleiV acid and the binding oligonucleotides under conditions 
effective to allow hybridization of tie binding oligonucleotides with the nucleic acid; and 
observing a detectable\change. 

83. A method of detecting n\cleic acid having at least two portions comprising: 
contactingthenucleicacidwijhin^ii«^t)^e^ 

attached thereto, 

the oligonucleotides on ±1 first typJiof particles Wing a sequence complementary 
to a first portion of the sequence if the nucleLcid and beiJ^lab^ with an energy donor, 

the oligonucleotides 0:1 the second type ofMiclcs having a sequence 
complementary to a second porl|on\of the seq)knc^e nu\leic acid and being labeled 

with an energy acceptor, 

the contacting taking placV ulder conditio\s effective to ^low hybridization of the 

oligonucleotides on the particles ^^thlthe nucleic 1 

observingadetectablechan^tifoughtaboutb\hybridizationoftheoligonucleotides 

on the particles with the nucleic acid. 

84. The method of Claim 83 wherein the\energy donor and acceptor are 
fluorescent molecules. 



85. A method of detecting nucleic acid having at least two portions comprising: 
providing a type of microspheres having oligd|nucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a fiJfet portion of the sequence of 
the nucleic acid and being labeled with a fluorescent molecule;' 
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providing a t)be of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides having alequence complementary to a second portion of the sequence 
of the nucleic acid, nanoparticlfes being capable of producing a detectable change; 

contacting the nuWic acid with the microspheres and the nanoparticles under 
conditions effective to allow>sM^^Soh^f the oligonucleotides on the microspheres and 
on the nanoparticles witinhe nucleXc acid; 

observi/g a change i\fluoresce\ce, another detectable change produced by 

the nanoparticles, or poth. 



86. The 
nanoparticles is a chi 



ethod of Claim 85^ wherein \e detectable change produced by the 
ge in color. 



87. The meth^ of Claim 85 whereiAthe micA>spheres are latex microspheres and 
the nanoparticles are gl^d nanoparticles, andN^h angesyn fluorescence, color or both are 
observed. 

88. The method of Claim 87 further comprising placing a portion of the mixture 
of the latex microspheres, nanoparticles and nucleicVcid in an observation area located on 
a microporous material, treating the microporous mateW so as to remove any unbound gold 
nanoparticles from the observation area, and then observing the changes in fluorescence, 
color, or both. 

89. A method of detecting nucleic acid having aUeast two portions comprising: 
providing a first type of metallic or semic(5nductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides havingksequence complementary to 
a first portion of the sequence of the nucleic acid and being^beled with a fluorescent 
molecule; 
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providing a second type of metallic or semiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary to 
a second portion of the sequeiKe of the nucleic acid and being labeled with a fluorescent 
molecule; 

contacting the nucleic acid with the two types of nanoparticles under 
conditions effective to allow hyBddization of the oligonucleotides on the two types of 
nanoparticles with the nucleic acid\and 

observing changetfmYiu&^cence. 



90. The method jbf Claim g^further comprising placing a portion of the mixture 
of the nanoparticles and i ucleic acid m an observation area located on a microporous 
material, treating the micro porous material so as to rWoyj^aifyunbound nanoparticles from 
the observation area, and t len observing tHp changesyn fluorescence. 

91. A method o f tietgrthlgnucleicVcid having at least two portions comprising: 
providing of particle haVing oligohucleotides attached thereto, the 

oligonucleotides having a\ first portion and V secondX portion, both portions being 
complementary to portions oi the sequence of thanucleic acid; 

providing a type of probe oligonucleotides comprising a first portion and a 
second portion, the first portion having a sequence cWiplementary to the first portion of the 
oligonucleotides attached to the particles and both porflions being complementary to portions 
of the sequence of the nucleic acid, the probe oligonuc\^eotides further being labeled with a 
reporter molecule at one end; 

contacting the particle and the probe olWnucleotides under conditions 
effective to allow for hybridization of the oligonucleotide^on the particles with the probe 
oligonucleotides to produce a satellite probe; 

then contacting the satellite probe with the nWleic acid under conditions 
effective to provide for hybridization of the nucleic acid with the probe oligonucleotides; 
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removing the particles; and 
detecting the reroorter molecule. 

92. The method of Claim 9 1 wherein tlae particles are magnetic and the reporter 
molecule is a fluorescent molecule 

93. The method of Clain^91 where in the particles are magnetic and the reporter 
molecule is a dye molecule. 

94. The method of Claim 91 ^herein the panicles are magnetic and the reporter 
molecule is a redox-active molecule. 



1=4 



95. Akitcomprisi 
comprising at least two types 
oligonucleotides on the first t 
sequence of a first portion o 
nanoparticles having a sequen 
nucleic acid. 



g at least one opntainer, the ccwitainerJioKiing a composition 
)^ nanoparticles havinsiiligofi^^ attached thereto, the 
^p^^oljaamJparticles having a sequence complementary to the 
a nucleic acid, the oligonucleotides on the second type of 
:e complementary t© the sequence of a second portion of the 



96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleotide having a sequence complementary to a third portion of the 
nucleic acid, the third portion being located between thafirst and second portions. 

97. The kit of Claim 95 wherein the nanoparticles are made of gold. 



98. The kit of Claim 95 further comprising a solicftsurface. 



99. 



A kit comprising at least two containers, 
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the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a nucleic 
acid, and 

the second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequenceYomplementary to the sequence of a second portion of the 
nucleic acid. 

100. The kit of Claim P^Kcomprising a nnrd container holding oligonucleotides 
having a sequence complementary \o a third portior^f the nucleic acid, the third portion 
being located between the firsyand second portions. 

101. The kit of Clai m 99 wherein the nanopart\cles are made of gold. 



102. ThekitofCla 



99 furtheXcomprisiilga solid surface. 



103. A kit comprisingTat least two Containers, 

the first contaiAdlr holding nanimarticles having oligonucleotides attached 
thereto which have a sequence ccmiplementary tathe sequencelof a first portion of a binding 
oligonucleotide, and 

the second container holding one orVnore types of binding oligonucleotides, 
each of which has a sequence comprising at leastywo portions, the first portion being 
complementary to the sequence of the oligonucleotide^ on the nanoparticles and the second 
portion being complementary to the sequence of a portton of a nucleic acid. 



1 04. The kit of Claim 1 03 which comprises addittonal containers, each holding an 
additional binding oligonucleotide, each additional binding oligonucleotide having a 
sequence comprising at least two portions, the first portion>being complementary to the 
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sequence of the oligonucleotides on the nanoparticles and the second portion being 
complementary to the sequenoe of another portion of the nucleic acid. 

1 05. The kit of ClainA 1 03 wherein the nanoparticles are made of gold, 

1 06. The kit of Claim 103 further comprising a solid surface. 



hi 

B 

□ 



1 07. A kit comprising: 
a container holding oneVype of nanoparticles having oligonucleotides attached 

thereto and one or more types of binding oligonucleotides, each of the types of binding 
oligonucleotides having a sequence cgnWising at least two portions, the first portion being 
complementary to the sequence of the olteoimcleotides on the nanoparticles, whereby the 
binding oligonucleotides are hyb^dized to the o^gonucleotides on the nanoparticles, and the 
second portion being complemejitary to theyqufi^ce of one or more portions of a nucleic 
acid. 

108. A kit comprising \at least one c^W^n^^^ the container holding metallic or 
semiconductor nanoparticles havmg^ligd^ attached thereto, the oligonucleotides 
having a sequence complementaA^ to a portion ofi a nu^eic acid and having fluorescent 
molecules attached to the ends of tke oligonucleotides not attached to the nanoparticles. 



1 09. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 
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1 1 0, The kit of ^aim 1 09 further comprising: 

a second coMainer holding a binding oligonucleotide having a selected 
sequence having at least twotoortions, the first portion being complementary to at least a 
portion of the sequence of the oligonucleotides on the nanoparticles in the first container; iind 
a third contained holding nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides havibg a sequence complementary to the sequence of a second 
portion of the binding oligonucleo\ide. 



m 



111. A kit comprising at least three containers: 
the first container holdmg nanoparticles; 

the second containe^^^ldin^ first oligonucleotide having a sequence 
complementary to the sequence oy^ firs^ortionSof a nucleic acid; and 



the third contain 
complementary to the sequence 



fr holding a second oligonucleotide having a sequence 
)f a seconcKportionVf the nucleic acid. 



112. The kit of Claim 
oligonucleotide having a sequem 
nucleic acid, the third portion beii 



1 1 1 further c^^mprisinWibmlh container holding a third 
le coknplemerjtJtfyioA of a third portion of the 

cated betv^en the first and second portions. 



113. The kit of Claim 11 




ler comprising a substrate. 



114. The kit of Claim 1 1 3 fiifther compnsi 

a fourth container holding a binding Oligonucleotide having a selected 
sequence having at least two portions, the first portion Being complementary to at least a 
portion of the sequence of the second oligonucleotide; anc 

a fifth container holding an oligonucleotide haVing a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 
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115. The kit of Claim 1 M wherein the oligonucleotides, nanopaiticles, or both bear 
functional groups for attachment df the oligonucleotides to the nanoparticles. 

116. The kit of Claim 11 B wherein the substrate, nanoparticles, or both bear 
functional groups for attachment of the nanoparticles to the substrate. 

1 1 7. The kit of Claim 1 1 3 wHerein the substrate has nanoparticles attached to it. 

118. The kit of Claim 1 1 1 wherW the nanoparticles are made of gold. 



119. A kit comprising: 

a substrate having oligonu^le<)lides attached thereto which have a sequence 
complementary to the sequence of a fu<t portion of a nucleic acid; 

a first container holdiftg nanoAarticles havihg oligonucleotides attached 
thereto, some of which have a sequencj compleiA^ntary to the^gqu^nce of a second portion 
of the nucleic acid; and 

tlanoparticles having oligonucleotides attached 
thereto which have a sequence compl^ntary to aiyleast a poison of the sequence of the 
oligonucleotides attached to the nanopdrtitles in the first container. 



120. A kit comprising: 
a substrate; 

a first container holding nanoparticles; 

a second container holding a first oligolaucleotide having a sequence 
complementary to the sequence of a first portion of a nuclei* acid; 

a third container holding a second oligoniJcleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 
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a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

121. The kit of Claim 1 20 wherein the oligonucleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 

1 22. The kit of Claim 1 20 vkerein the nanoparticles are made of gold. 

1 23. A kit comprising: \ 

a substrate having oligoniJclgotktes-ato thereto which have a sequence 
complementary to the sequence of a fir« portion of a n^leic acid; 

a first container holding lipo$pmes havingVligonucleotides attached thereto 
which have a sequence complementary to the sequence oAa second portion of the nucleic 

acid; and i \ \ 

a second container ttkolding naAoparticles Mviiig^t least a first type of 
oligonucleotides attached thereto, thd first typeVf>l^^ having a hydrophobic 

group attached to the end not attachgc^^ \ 

124. The kit of Claim 123 wUrein: \ \ 

the nanoparticles in tlip second container have a second type of 
oligonucleotides attached thereto, the second type oAoligonucleotides having a sequence 
complementary to the sequence of the oligonucleotideaon a second type of nanoparticles; 
and the kit further comprises: \ 

a third container holding a second \type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides havW a sequence complementary to 
at least a portion of the sequence of the second type of oligonucleotides on the first type of 
nanoparticles. \ 
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125. A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticles having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 

1 26. A kit comprising: 

a substrate, the substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to the sequence of a first portion of a 
nucleic acid; and 

a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a resuh of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
second portion of the sequence of the nucleic acid. 

127. The kit of Claim 126 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acids, or both. 

128. A kit comprising: 

a substrate having oligonucleotides attached thereto; 
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a first container holding an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
first portion of the sequence of the nucleic acid; and 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereto, the first type of oligonucleotides having a sequence 
complementary to a second portion of the sequence of the nucleic acid, and the second type 
of oligonucleotides having a sequence complementary to at least a portion of the sequence 
of the oligonucleotides attached to the substrate. 



1 29, A kit comprising: 

iQ a substrate, the substrate having oligonucleotides attached thereto, the 

oligonucleotides having a sequence complementary to the sequence of a first portion of a 
Q nucleic acid; 

a first container holding liposomes having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a second portion of the nucleic 
acid; and 

a second container holding an aggregate probe comprising at least two types 
of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being boimd to each other as a result of the 

hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
hydrophobic group attached to the end not attached to the nanoparticles. 

130. The kit of any one of (tlaiips 1 21^ 1 29 wherein the substrate is a transparent 
substrate or an opaque white substrate 
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131. The kit of any ole of Claims 125-129 wherein the nanoparticles of the 
aggregate probe are made of goldl 

132. A kit comprising at least three containers: 
the first container holding nanoparticles; 

the second containeA holding a first oligonucleotide having a sequence 
complementary to the sequence of a ftrst portion of a nucleic acid; and 

the third container hoMing a second oligonucleotide having a sequence 
complementaiy to the sequence of a sedond portion of the nucleic acid. 

133. The kit of Claim 13yfiutHfer composing a fourth container holding a third 
oligonucleotide having a sequenc/ complementary td^e sequence of a third portion of the 
nucleic acid, the third portion being located between tke first and second portions. 

134. The kit of Claim nafurtheixpWnsing a substrate. 

135. The kit of Claim 154 further comprising: \ 

a fourth container folding a bmding oligonucleotide having a selected 
sequence having at least two portions, the first *)rtion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and 

a fifth container holding an oligonucleotide having a sequence complementary 
to the sequence of a second portion of the binding oligonucleotide. 

136. ThekitofClaim 132 wherein theoligonUcleotides,nanoparticles,orboth bear 
functional groups for attachment of the oligonucleotidfes to the nanoparticles. 



137. The kit of Claim 134 wherein the sub^ate, nanoparticles, or both bear 
fimctional groups for attachment of the nanoparticles to the substrate. 
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138. The kit of Claim 134 v^herein the substrate has nanoparticles attached to it. 



139. The kit of Claim 1 32 wherein the nanoparticles are made of gold. 



140. A kit comprising: 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a firstvportion of a nucleic acid; 

a first container holding nanoparticles having oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second portion 
of the nucleic acid; and 

a second container holding/fJbiop^ticles having oligonucleotides attached 
thereto which have a sequence complementaby to aXleast a portion of the sequence of the 
oligonucleotides attached to the nanoparticleain the flsrst container. 



141. A kit comprising: 
a substrate; 

a first container holdifij 
a second container h< 
complementary to the sequence of a fi: 



lopart^cles; 

^ng a tftrst oligc^ucleotide having a sequence 
>rtion of a nucleic acid; 
a third container holding a seconu oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 

a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence onthe second oligonucleotide. 



142. The kit of Claim 141 wherein the oligoni^cleotides, nanoparticles, substrate 
or all bear functional groups for attachment of the oligonucleotides to the nanoparticles or 
for attachment of the oligonucleotides to the substrate. 
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143. The kit of Claim 1 4l wherein the nanoparticles are made of gold. 

144. A kit comprising: \ 

a substrate having oligonucleotides attached thereto which have a sequence 
complementary to the sequence of a firffl portion of a nucleic acid; 

a first container holding llbosomes having oligonucleotides attached thereto 
which have a sequence complementary td the sequence of a second portion of the nucleic 

acid; and \ 

a second container holdmgXnaiiopafticles having at least a first type of 
oligonucleotides attached thereto, the firsy^roe of oligdtaucleotides having a hydrophobic 
group attached to the end not attached toAhe ilanoparticle^ 

145. The kit of Claim 144 Wh;rein: \ 

the nanoparticles in\tie seco^d^-etSntainer \have a second type of 
oligonucleotides attached thereto, the J^c^pd^dof oligonuclfeotides having a sequence 
complementary to the sequence of th^^gonucleotMes on a secdhd type of nanoparticles; 
and the kit further comprises: \ \ M 

a third container holdi\ig a secoftd type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides Having a sequence complementary to 
at least a portion of the sequence of the second type of o\igonucleotides on the first type of 
nanoparticles. \ 

146. A kit comprising at least two containers, \ 

the first container holding particles having oligonucleotides attached thereto 
which have a sequence complementary to the sequence of a fWst portion of a nucleic acid, 
the oligonucleotides being labeled with an energy donor on ihe ends not attached to the 
particles, \ 
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the second container holding particles having oligonucleotides attached 
thereto which have a seqJbnce complementary to the sequence of a second portion of a 
nucleic acid, the oligonuclLides being labeled with an energy acceptor on the ends not 
attached to the particles. 

1 47. The kit of Claim\46 wherein the energy donor and acceptor are fluorescent 
molecules. 



si 
w 
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148. A kit comprising at Idast one container, the container holding a first type of 
particles having oligonucleotides attaWSii^^hich have a sequence complementary to 
the sequence of a first portion of a^cl\ic acid, tlXligonucleotides being labeled with an 
energy donor on the ends not atta/hed toL particIesVid a second type of particles having 
oligonucleotides attached theretJ which ha\e a sequencbcomplementary to the sequence of 
a second portion of a nucleic acid.lhe oligon^leotides be]^g la),eled wiA 

on the ends not attached to the Jwkicles. 

149. The kit of Claim 14^[vsSerein the\nergy donolyand acceptor are fluorescent 
molecules. 



150. A kit comprising: 

a first container holding a type of microspheres having oligonucleotides 
attached thereto, the oligonucleotides having a sequence\omplementary to a first portion of 
the sequence of a nucleic acid and being labeled with a fluorescent molecule; and 

a second container holding a type of nanopWles having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second portion 
of the sequence of the nucleic acid. 
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151. The kit of ClaimU 50 wherein the microspheres are latex microspheres and the 
nanoparticles are gold nanoparticles. 

1 52. The kit of Claim 1 3p further comprising a microporous material. 

153. A kit comprising: 
a first container holding^ first type of metallic or semiconductor nanoparticles 

having oligonucleotides attached thWto, the oligonucleotides having a sequence 
complementary to a first portion of the sequence of a nucleic acid and being labeled v^th a 
fluorescent molecule; and 

a second container holding\a second type of metallic or semiconductor 
nanoparticles having oligonucleotides atta^ed thereto, the oligonucleotides having a 
sequence complementary to a second portionjpf^^ of a nucleic acid and being 

labeled with a fluorescent molecule. 



154. The kit of Claim 153 



155. 
comprising: 



ler compnsing a microporous material. 



A kit comprising a container holding\a satellite wpb^, the satellite probe 



a particle having attacned thepsttJmigmucleoti oligonucleotides 
having a first portion and a second portiin, both portions leaving sequ^ces complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hwridized to the olWnucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portiomand a second portion, the first 
portion having a sequence complementary to the sequencelof the first portion of the 
oligonucleotides attached to the particles, both portions havinAsequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides fiirther having a 
reporter molecule attached to one end. 
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1 56. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 
nanoparticles of the aggregate probe being bound to each ether as a result of the 
hybridization of some of the oligonucleotides attached to them, at least one of the types of 
nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 
sequence complementary to a portion of the sequence of a nucleic acid. 



1 57. A kit comprising a container holding an aggregate probe, the aggregate probe 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, the 
g nanoparticles of the aggregate probe being bound to each other as a result of the 

tfl hybridization of some of the oligonucleotides attached to them, at least one of the types of 

hj nanoparticles of the aggregate probe having oligonucleotides attached thereto which have a 

!; I hydrophobic group attached to the end not attached to the nanoparticles. 

1^ 158. An aggregate probe, the aggregate probe comprising at least two types of 

H nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 

□ probe being bound to each other as a result of the hybridization of some of the 

oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a sequence complementary to a 
portion of the sequence of a nucleic acid. 

1 59. The aggregate probe of Claim 158 comprising two types of nanoparticles each 
having two types of oligonucleotides attached thereto, the first type of oligonucleotides 
attached to each type of nanoparticles having a sequence complementary to a portion of the 
sequence of a nucleic acid, the second type of oligojiucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
second type of oligonucleotides attached to the second type of nanoparticles. 
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160. The aggregate probe of Claim 158 comprising three types of nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides attached to the first type of 
nanoparticles having a sequence complementary to at least a portion of the sequence of the 
oligonucleotides attached to the second type of nanoparticles, the oligonucleotides attached 
to the second type of nanoparticles having a sequence complementary to at least a portion of 
the sequence of the oligonucleotides attached to the first type of nanoparticles, and the third 
type of nanoparticles having two types of oligonucleotides attached thereto, the first type of 
oligonucleotides having a sequence complementary to a portion of the sequence of a nucleic 
acid, and the second type of oligonucleotides having a sequence complementary to at least 
a portion of the sequence of the oligonucleotides attached to the first or second type of 
nanoparticles. 

161. An aggregate probe, the aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the aggregate 
probe having oligonucleotides attached thereto which have a hydrophobic group attached to 
the end not attached to the nanoparticles. 



1 62. A kit comprising a co 
at least two types of nanoparticles hj 
of the core probe being bound to 
oligonucleotides attached to them. 




ig a core probe, the core probe comprising 
jonuc^otides attached thereto, the nanoparticles 
;h otheAas a r^sultjaf the hybridization of some of the 



163. The kit of Claim 162 l^irther cornprisin^ a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of a nucleic acid to be detected.^ 
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164. TT,e ld> of ClaiA,62 or 163 ftaher oon,pri.i„g a container holding a .ype of 
o, go„ucIeo„ eshavi„gase,„eLco™p,e™e„«^.oa.e.^^ 

^,ue„ceof.heo,.go„.,e„Ud«ayche<i.oa.,ea.o„eofU.e.„.sof„anopanic.esofU.. 

core probe. ^ 



1 65. The kit of Claim 1 62 oAl 63 further 



linking oligonucleotides comprising 
sequence of the nucleic acid and a ; 



comprising a container holding a type of 



ajtquence complementaiy to a second portion of the 

, 7^'^ to a portion ofthe sequence of 

the ohgonucleofdes attached to a^ast o\e of theses of nanopanicles of the core probe. 

166. A cor. probe cf,mprising W least tAo types of nanoparticles having 
o^onucIeot,des attached thereU 

other as a result of the hybridiz^i.n of some \f the oligo^ attached to them 



1 67. A substrate havinf 



5^clesbttached thireto. 



168. 



anac edU,e.towHchhavea.e<,„e„i.„p„„,l^.„^^ 
a nucleic acid. ^ ^ 



169. Ametallicorsamcondu^^rnanopanicUvfagoUgonucIeoUdesat^ched 

. " '''''^ ""^ ™'-l- a. *e «,ds „o. 

attached to the nanoparticle. 

170. A satellite probe comprising: 
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a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences complementary 
to portions of the sequence of a nucleic acid; and 

probe oligonucleotides nybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the first 
portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to the particlesAboth portions having sequences complementary 
to portions of the sequence of the nucleic dbid, the probe oligonucleotides further having a 
reporter molecule attached to one end. \ 

171. A method of nanofabriration cbmprismg 

providing at least one type of uinkina oligonucleotide having a selected 
sequence, the sequence of each type of linking oKgonuclWide having at least two portions; 

providing one or more tMpek of nanoparticlei^^ oligonucleotides attached 
thereto, the oligonucleotides on eacWopbe-tyi^^ ntooparticles having a sequence 
complementary to the sequence of a portibn of a linking olkonucleotide; and 

contacting the linking oli^nucleotides and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nknostructure is formed wherein the 
nanoparticles are held together by oligonucleotide conmctors. 

172. The method of Claim 171 wherein at least Wo types of nanoparticles having 
oligonucleotides attached thereto are provided, the oligonucleotides on the first type of 
nanoparticles having a sequence complementary to a first pomon of the sequence of a linking 
oligonucleotide, and the oligonucleotides on the second tj^e of nanoparticles having a 
sequence complementary to a second portion of the sequence oVthe linking oligonucleotide. 
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173. The method of ClaiJh 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 

174. The method of Claim 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanopartiqes are made of CdSe/ZnS (core/shell). 



I ; I 
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1 75. A method of nanofabricatlbn comprising: 

providing at least two types ^f nanoparticles having oligonucleotides attached 

thereto, 

the oligonucleotides onXhc ftrst^e of nanoparticles having a sequence 
complementary to that of the oligonumeotidea on thk second of the nanoparticles; 

the oligonucleotides o i the second typAof nanoparticles having a sequence 
complementary to that of the oligonucleotides on the firet type of nanoparticles; and 

second \ypes oa najwiparticles under conditions 
effective to allow hybridization of the fclkonucleoftdegon e nanoparticles to each other so 
that a desired nanomaterial or nanost^^Jre is formed. 



176. The method of ClaimMl75 wherein the Vanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 



177. The method of Claim 176 wherein the nietallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CaSe/ZnS (core/shell). 



178. Nanomaterials or nanostructures composed of nanoparticles having 
oligonucleotides attached thereto, the nanoparticles being hela together by oligonucleotide 
connectors. 
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1 79. The nanomaterials or nanostructures of Claim 1 78 wherein at least some of the 
oligonucleotide connectors are triple-stranded. 

1 80. The nanomaterials or nanostructures of Claim 1 78 wherein the nanoparticles 
are metallic nanoparticles, semiconductor nanoparticles, or a combination thereof, 

181. The nanomaterials or nknostructures of Claim 180 wherein the metallic 
nanoparticles are made of gold, and the semiconductor nanoparticles are made of CdSe/ZnS 
(core/shell). 



182, A composition com^risin^ at least Vwo types of nanoparticles having 
oligonucleotides attached thereto, dbe oligAnucleotideis on the first type of nanoparticles 
having a sequence complementary o the sequence of a lirst portion of a nucleic acid or a 
linking oligonucleotide, the oligoifiicleotidesW the second type of nanoparticles having a 
sequence complementary to the seqjience of a^pec^jid^jSorti^n of the nucleic acid or linking 
oligonucleotide. 



183. The composition of lillaim 182\ wherein thd nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a MmbinationAhereof. 

1 84. The composition of Claim 1 83 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



1 85. An assembly of containers comprising: 

a first container holding nanoparticles \iaving oligonucleotides attached 

thereto, and 



thereto, 



a second container holding nanoparticles 
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the oligonucleotides attafched to the nanoparticles in the first container having 
a sequence complementary to that of the oligonucleotides attached to the nanoparticles in the 
second container, 

the oligonucleotides attafched to the nanoparticles in the second container 
having a sequence complementary to\ that of the oligonucleotides attached to the 
nanoparticles in the second container. 



186. The assembly of Claim 185 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles,W a combination thereof. 

1 87. The assembly of Clainyi 86 wBAein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are fei^e of CdSe/ZnS (core/shell). 



188. A nanoparticle havir 



thereto. 



plurality oft difFereHfoligonucleotides attached 



1 89. A method of separatini d selected nulfl ei\ acid having at least two portions 
from other nucleic acids, the method ciiftprising: 

providing two or more tyjjefe of nanopartiVle'^having oligonucleotides attached 
thereto, the oligonucleotides on each of the types oA nanoparticles having a sequence 
complementary to the sequence of one of the portions ofthe selected nucleic acid; and 

contacting the nucleic acids and nanoparticVes under conditions effective to 
allow hybridization of the oligonucleotides on the nanopa^cles with the selected nucleic 
acid so that the nanoparticles hybridized to the selected\nucleic acid aggregate and 
precipitate. 



1 90. A method of binding oligonucleotides to chargedyanoparticles to produce 
stable nanoparticle-oligonucleotide conjugates, the method comprising: 
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providing oligonucIeoUdes having covalently bound Aereto a moiety 
compming a itactionai group whicl, can bini to the nanoparticles; 

'~8*"«8™"='™MesLtl,enanoparticIesinwaterforaperiodof 
..me sufficen. to aiiow a. .east some of the oliLucleotide. to bind to .he nanopaniCes- 

'^^■"^"''^'o-^^'.oftewatlrtofonnasaltsolu.ion.theiomcs.^ngth 
of the sal, solution being sufficient to overcome ,, least partially the electrostatic attraction 
or repulston of d,e oligonucleotides for the nanoj^cles and the electrostatic tepulsion of 
the oligonucleotides for each other; and 



contacting the oligonucleotides 
additional period of time sufficient to allow s^cilnt adc 
the nanoparticles to produce the stable nan6particlIoIigon1 



articles in the salt solution for an 
onal oligonucleotides to bind to 
cleotide conjugates. 



191 . The method of Claim 1 9(/wherein 
or semiconductor nanoparticles. 



th^ 



1 92. The method of Claim 1 9 



1 93 . The method of Claim 1 92 



nanopahicles are metal nanoparticles 



Jfein the nanopart 



which can bind to the nanoparticles is antucan 



vherein the dpiety coLprising a functional 



cles are gold nanoparticles. 



ethiol. 



1 group 



194. The method of Claim 190 wherein all ofihe 
single addition. 



salt is added to the water in a 



195. The method of Claim 190 wherein the salt I added gradually 



over time. 



m. •n,e method of Claim 190 whettin the A is selected from the gtoup 
cons,st.ng of sodium chloride, magnesium chloride, poisium chloride, ammonium 
chlonde. sodium, acetate, ammomum acetate, a combination |f two „. more of these salts. 
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one of these salts in a phosphate buffeiy and a combination of two or more these salts in a 
phosphate buffer. 



1 97. The method of Claim 1 96 therein the salt is sodium chloride m a phosphate 



buffer. 



1 98. The method of Claim 1 90 whdrein napopafticle-oligonucleotide conjugates 
are produced which have the oligonucleotide^nrfeent on siirikce of the nanoparticles at a 
surface density of at least 10 picomoles/cml 

1 99. The method of Claim 1 98 yherein lm oligonucleotides are present on surface 
of the nanoparticles at a surface density bf at least 115 picomoles/cm^. 



200. The method of Claim 1 9 
of the nanoparticles at a surface deni 
picomoles/cm^. 



^wheigiirtheoKgonucleotide^ are present on surface 
of from about 15 picomoles/cm^ to about 40 



201. A method of binding \pligonucleotidesi to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotiHes comprising at least one type 
of recognition oligonucleotides, each of the recognition oligonucleotides comprising a spacer 
portion and a recognition portion, the spacer portion being designed so that it can bind to the 
nanoparticles; and 

contacting the oligonucleotides and the nano^^cles imder conditions 
effective to allow at least some of the recognition oligonumeotides to bmd to the 
nanoparticles to produce the nanoparticle-oligonucleotide conjugates. 
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202. The method oY Claim 201 wherein each of the spacer portions of the 
recognition oligonucleotides h^ a moiety covalently bound thereto, the moiety comprising 
a functional group which car. bind to the nanoparticles 

203 . The method of Clai^ 20 1 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



PI 
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204. The method of Claim 203 wherein the nanoparticles are gold nanoparticles. 

205 . The method of Claiip^04^wherif in the spacer portion comprises at least about 
10 nucleotides. 



206. The method of Cl4i 
10 to about 30 nucleotides. 



205 wihereinLthe^^pacer portion comprises from about 



207. The method of ClaiA|206 wheiein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, alWacJls, or all guanines. 



208. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the methdd comprising: 

providing oligonucleotides, the oligcmucleotides comprising: 
a type of recognition oligonucleotides; and 
a type of diluent oligonucleotide; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow at least some of each of the types « oligonucleotides to bind to the 
nanoparticles to produce the nanoparticle-oligonucleotidd conjugates. 
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209. The method of Claim 208[ wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

2 1 0. The method of Claim 209 wherein the nanoparticles are gold nanoparticles, 

211. The method of Claim 208 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition^ortion, the spacer portion being designed so 
that it can bind to the nanoparticles. 



HI 



212. The method of Claim Ell whWein each of the spacer portions of the 



recognition oligonucleotides has a moi( 
a functional group which can bind to tin 



oligonucleotides comprises at least abo 



covalemtly bou^d thereto, the moiety comprising 
nanoparacles^ 



213. The method of Claim 21u wherein me spacer portions of the recognition 



itllO nucleotides. 



214. The method of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides comprises from about 10 nucleotides tA about 30 nucleotides. 



215. The method of Claim 21 1 wherein the bases of the nucleotides of the spacer 
are all adenines, all thymines, all cytosines, all uracils or aH guanines. 



2 1 6. The method of Claim 2 1 1 wherein the diluent oligonucleotides contain about 
the same number of nucleotides as are contained in the spacei portions of the recognition 
oligonucleotides. 
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217. The method df Claim 216 wherein the sequence of the diluent 
oligonucleotides is the same a^ the sequence of the spacer portions of the recognition 
oligonucleotides. 

2 1 8. The method of Claifai 208 wherein the oligonucleotides comprise at least two 
types of recognition oligonucleotiqps. 



5 



a 



219. A method of bindind oligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonuclMHcks having covalently bound thereto a moiety 
comprising a functional group ^^ch^can\bind to the nanoparticles, the oligonucleotides 
comprising: 

a type cf recognftieill^igonucleotides; and 
a type o pdtluent oligonucleotides; 

contacting the ( ligonuclebtid* with the nanoparticles in water for a period 
of time sufficient to allow at Idkst some ^f e^^h of the types of oligonucleotides to bind to 
the nanoparticles; ^ 

adding at least one salt to tlfe water to form a salt solution, the ionic strength 
of the salt solution being sufficient to overdome at least partially the electrostatic attraction 
or repulsion of the oligonucleotides for the hanoparticles and the electrostatic repulsion of 
the oligonucleotides for each other; and 

contacting the oligonucleotide and nanoparticles in the salt solution for an 
additional period of time sufficient to allow adaitional oligonucleotides of each of the types 
of oligonucleotides to bind to the nanoparticles|to produce the nanoparticle-oligonucleotide 
conjugates. 



220. The method of Claim 2 1 9 whereiji the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 
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22 1 . TT.e method of Claim 2^ wherein the nanoparticles are gold nanoparticles. 

222. The method of Claim 22 1 therein the i 



which can bind to the nanoparticles is anUanethioI. 



223. The method of Claim 219 J^n all of the salt is 
single addition. 



moiety comprising a functional group 



added to the water in a 



u 



m 

; ■ 
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224. The method of Claim il9 whlein the slit is added gradually 



225. The method of CI; 
consisting of sodium chloride, ma 
chloride, sodium, acetate, ammonium 



over tune. 



219 whVrein.tiw-Ealt is selected from the group 
Jeswm cHJoride, potassium chloride, ammonium, 
petate, a cUbinati^n of two or more of these salts 
one of these salts in a phosphate buffe^ and a con^pination of two or more these salts in 
phosphate buffer. 



buffer. 



226. The method of Claim 225 wherein thelalt is sodium chloride 



in a phosphate 



227. The method of Claim 219 wherein nanoLicle-oIigonucleotide con! 



are produced which have the oligonucleotides 
a surface density of at least 1 0 picomoles/cm^, 



conjugates 



are preseA on surface of the nanoparticles at 



228. ^emethodofClaim227whereintheoligon\cleotidesarepresentonsurface 
of the nanoparticles at a surface density of at least 15 picomVles/cml 
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229. The method of ClaiVn 228 wherein the oligonucleotides are present on surface 
of the nanoparticles at a surface ^ensity of from about 15 picomoles/cm^ to about 40 
picomoles/cm^. 

230. The method of Claim 219 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recogrilion portion, the spacer portion having attached to 
it the moiety comprising a functional group which can bind to the nanoparticles. 



23 1 . The method of Claim 230 wha[ein the spacer portion comprises at least about 
10 nucleotides. 



m 



232. The method of Claim/23 1 wherei^j the sp^er portion comprises from about 
10 to about 30 nucleotides. 

233. The method of Claim^ZiO'^whSfein the^ases o^the nucleotides of the spacers 
are all adenines, all thymines, all cytbsines, all uracilsL or all Wanines. 

234. The method of Claim 230 wherein the diluent olikonucleotides contain about 
the same number of nucleotides as are contained in the spjacer portions of the recognition 
oligonucleotides. 

235. The method of Claim 234 wherein the\ sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer p^ortions of the recognition 
oligonucleotides. 



236. The method of Claim 2 1 9 wherein the oligonucleoticffs comprise at least two 
types of recognition oligonucleotides. 
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23 \ Nanoparticle-oligonucleotide conjugates which are nanoparticles having 
oligonucleotides attached to them, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucletotides having a sequence complementary to at least one portion of the 
sequence of a nucleic acid or another oligonucleotide.. 
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238. The conjugates of C laim 2 37 wherein the oligonucleotides are present on 
surface of the nanoparticlesSat/rfsurface densiW of at least 10 picomoles/cm^ 



239. The nano 
surface of the nanopartidles 



articlekof Claim 238 wherein the oligonucleotides are present on 
at a surface density of auleast 15 picomoles/cm^. 



240, The nanofeljrticles of ClJ^m 2^i9-wKereiA the oligonucleotides are present on 
surface of the nanopartic^^atjjserface d^sity of from ^bout 1 5 picomoles/cm^ to about 40 
picomoles/cm^ 

241. The nanopar^cles of Claim 2\7 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



242. The nanoparticles of Claim 241 
nanoparticles. 



aerein the nanoparticles are gold 



243. Nanoparticles having oligonucleotides attached to them, the oligonucleotides 
comprising at least one type of recognition oligonucleotides, each of the recognition 
oligonucleotides comprising a spacer portion and a recognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recojgnition portion having a 
sequence complementary to at least one portion of the sequence of a^iucleic acid or another 
oligonucleotide. 
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244. The nanopaiticles of Claim 243 wherein the spacer portion has a moiety 
covalently bound to it, the moiety ccpprising a functional group through which the spacer 
portion is bound to the nanoparticles.^ 

245. The nanoparticles of Claipi 243 wherein the spacer portion comprises at least 
about 10 nucleotides. 



SI 
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246. The nanoparticles of Claim !^45 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

247. The nanoparticles of Claam 243i whereifa the bases of the nucleotides of the 
spacer portion are all adenines, all thyi lines, allXcytosinefe, all uracils or all guanines. 

248. The nanoparticles of CI dm 243 wlkrein the oligonucleotides are present on 



surface of the nanoparticles at a surfalj 



density of at least lp^»ic6moles/cm^. 



249. The nanoparticles of Clami 248 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface cknsity of at least 15 picomoles/cm^. 



250. The nanoparticles of Claim 249 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from aH^out 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

251. The nanoparticles of Claim 243 wherein\the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



252. The method of Claim 25 1 wherein the nanoparticles are gold nanoparticles. 
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253. I^oparticles having oligonucleotides attached to them, the oligonucleotides 
comprising: 

at Ichst one type of recognition oligonucleotides, each of the types of 
recognition oligonucletotides comprising a sequence complementary to at least one portion 
of the sequence of a nucreic acid or another oligonucleotide; and 

a type of diment oligonucleotides. 



\4 



254, The nanopartiflJes of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a spjacer portion and a recognition portion, the spacer portion 
being designed so that it is bouna to the nanoparticles, the recognition portion having a 
sequence complementary to at leasp^ portion^s^f the sequence of a nucleic acid or another 
oligonucleotide. 



255. The nan 
covalently bound to it, the 
portion is bound to the nano^tulicles 



opartidles of Clann 254 wherein the spacer portion has a moiety 
iety comprismg a functional group through which the spacer 



256. The nanoparticles of Claim 254 wljerein th^ spacer portion comprises at least 
about 10 nucleotides. 



257. The nanoparticles of Claim 256 whereijn the spacer portion comprises from 
about 10 to about 30 nucleotides. 

258. The nanoparticles of Claim 254 wherein tne bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

259. The nanoparticles of Claim 253 wherein the oligWucleotides are present on 
surface of the nanoparticles at a surface density of at least 10 picomoles/cm^. 
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260. The nanopartioles of Claim 259 wherein the oligonucleotides are present on 
surface of the nanoparticles at k surface density of at least 1 5 picomoles/cm^. 

26 1 . The nanoparticlesVof Claim 260 wherein the oligonucleotides are present on 
surface of the nanoparticles at a sul^ace density of from about 1 5 picomoles/cm^ to about 40 
picomoles/cm^. 

262. The nanoparticles of Ckim 254 wherein the diluent oligonucleotides contain 
about the same number of nucleotides as-«^contained in the spacer portions of the 
recognition oligonucleotides. 



263. The nanoparticles 
oligonucleotides is the same ai 
oligonucleotides. 



264. The nanoparticles 



Claftn 262 wherein the sequence of the diluent 
that of the spacer portions of the recognition 



of \Clairnl53"^^erein\the nanoparticles are metal 



nanoparticles or semiconductor nanoparticles. 

265. The nanoparticles of yllaim 264\ wherein the nanoparticles are gold 
nanoparticles. 

266. A method of detecting a nucleic acid c(^prising: 
contacting the nucleic acid with at least one ty^e of nanoparticle-oligonucleotide 

conjugates according to any one of Claims 237-242 unMer conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles With the nucleic acid; and 

observing a detectable change brought about by hybridization of the oligonucleotides 
on the nanoparticles with the nucleic acid. 
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267. A ri^thod of detecting a nucleic acid comprising: 

contacting tHe nucleic acid with at least one type of nanoparticles according to any 
one of Claims 243-26^ under conditions effective to allow hybridization of at least one of 
the types of recognitionVligonucleotides on the nanoparticles with the nucleic acid; and 

observing a detecmble change brought about by hybridization of the recognition 
oligonucleotides with the nucleic acid. 



La a 
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268. A method of detecting a nucleic acid having at least two portions comprising: 
providing a type of rimiopahicleK)ligonucleot^ conjugates according to any 

one of Claims 237-242, the olA^ on each nanoparticle having a sequence 

complementary to the sequence of k least two portions of the nucleic acid; 

contacting the rfi cleicVcid and theVonjugates under conditions effective to 
allow hybridization of the oli| DnucleVides on th^ nanoparticles with the two or more 
portions of the nucleic acid; and 

observing a dfildptdSle clW brougkt about by hybridization of the 
oligonucleotides on the nanoparticles with tne nucleic amd, 

269. A method of detecting a nucleic\;id havingkt least two portions comprising: 
contacting the nucleic acid v^m at least two types of nanoparticle- 

oligonucleotide conjugates according to any one of Glaims 237-240, the oligonucleotides on 
the nanoparticles of the first type of conjugates haviiife a sequence complementary to a first 
portion of the sequence of the nucleic acid, the oligonubleotides on the nanoparticles of the 
second type of conjugates having a sequence complenrentary to a second portion of the 
sequence of the nucleic acid, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles wdth the nucleic acid; and 

observing a detectable change brought abc^ut by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 
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270. The method of Cla\ii 269 wherein the contacting conditions include freezing 
and thawing. 

27 1 . The method of Claim ^9 wherein the contacting conditions include heating. 

272. The method of Claim 26^ wherein the detectable change is observed on a 
solid surface. 
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273. The method of Claim 269 A^hereU\ the detectable change is a color change 
observable with the naked eye. 



274. The method of Claim 2 



surface. 



3 wherein tha color change is observed on a solid 



275. The method of Claim 265( i^hereijptfie naiflpparticles are metal nanoparticles 
or semiconductor nanoparticles. 

276. The method of Claim 269 vSherein tthe nanoparticles are gold nanoparticles. 



277. The method of Claim 269 whereiA the oligonucleotides attached to the 
nanoparticles are labeled on their ends not attached tA the nanoparticles v^th molecules that 
produce a detectable change upon hybridization of thepligonucleotides on the nanoparticles 
with the nucleic acid. 



278. The method of Claim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides j^ttached to the nanoparticles are 
labeled v^th fluorescent molecules. 
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279. The fhethod of Claim 269 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleit acid is further contacted with a filler oligonucleotide having a 
sequence complementary t\ this third portion of the nucleic acid, the contacting taking place 
under conditions effective toXUow hybridization of the filler oligonucleotide with the nucleic 
acid. 

280. The method of ClVni 269 wherein the nucleic acid is viral RNA or DNA. 



28 1 . The method of Cl^dr\269^erein the nucleic acid is a gene associated with 
a disease. 

282. The method of dlaim 26^ whereiV the nucleic acid is a bacterial DNA. 



283. The method of G^mJ^P-^^ flie nucleic acid is a fiingal DNA, 

284. The method of Clkim 269 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-mod^ed natural Of syndetic RNA, or a structurally-modified 
natural or synthetic DNA. 

285. The method of Claim 269 whereii\the nucleic acid is fix>m a biological 

source. 



286. The method of Claim 269 wherein t^ nucleic acid is a product of a 
polymerase chain reaction amplification. 
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287. The method oXclaim 269 wherein the nucleic acid is contacted with the first 
and second types of conjugates^ simultaneously. 

288. The method of Claim 269 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the nanoparticles of first type of conjugates before 
being contacted with the second type of conjugates. 

289. The method of Claim 28^8 wherein the first type of conjugates is attached to 
a substrate. 



290. The method of Claim 269 vOherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides^^ tflp nanbf^articles results in the production of a 
triple-stranded complex. 



291. A method of detecting £ 
providing a type of nar 
having recognition oligonucleotides. 



Tucleic ac\d having atleaSl two portions comprising: 
Dparticleg^^eCordink to any one of Claims 243-252 
l6lied thereV), the recognition oligonucleotides on 
each nanoparticle comprising a sequei^Jpe complemJptary t^ the sequence of at least two 
portions of the nucleic acid; 

contacting the nucleic acM and the nandparticfes under conditions effective 
to allow hybridization of the oligonucleotides on the n^oparticles with the two or more 
portions of the nucleic acid; and 

observing a detectable change brought tbout by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid\ 



292. A method of detecting nucleic acid having at least two portions comprising: 
contacting the nucleic acid with at least two types of nanoparticles according 
to any one of Claims 243-250 having recognition oligonucleo\ides attached thereto, the 
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recognition oligonucleotides on the first type of nanoparticles comprising a sequence 
complementaiy to a firstVortion of the sequence of the nucleic acid, the recognition 
oligonucleotides on the secomi type of nanoparticles comprising a sequence complementary 
to a second portion of the sequence of the nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the recognition oligonucleotides on the 
nanoparticles with the nucleic aoid; and 

observing a dete«able change brought about by hybridization of the 
recognition oligonucleotides on thAnanoparticles with the nucleic acid. 

293 . The method of Claim 2p2 wherein the contacting conditions include fi-eezing 
and thawing. 

294. The method ofifclaim 292 Vh^ein the contacting conditions include heating. 

295. The method cjij Claim 292 ^*(herei^ tjje-detectable change is observed on a 
solid surface. 

296. The method of ^aim 292 whe\ein th^detectable change is a color change 
observable with the naked eye. 

297. The method of Claim 296 whereitli the color change is observed on a solid 
surface. 

298. The method of Claim 292 wherein the\ianoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

299. The method of Claim 298 wherein the nahoparticles are made of gold. 
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300. The method of Claim 292 wherein the recognition oligonucleotides attached 
to the nanoparticles are laWeled on their ends not attached to the nanoparticles with molecules 
that produce a detectable \hange upon hybridization of the oligonucleotides on the 
nanoparticles with the nucleiaacid. 

301. The method of Claim 300 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and \he oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 
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302. The method of Claim^92 wherem: 
the nucleic acid hp a thffd portiorfSlocated between the first and second 

portions, and the sequences of ttie oligoriucleotides to the nanoparticles do not include 
sequences complementary to thji third portibn of the mifcld9^cid; and 

the nucleic acid il^further coirtgctsd-^^TmAa filler oligonucleotide having a 
sequence complementary to this th*dT>ofGwiofttie nucleicVc id, the contacting taking place 
under conditions effective to allowVybridization ()(the filler djigonucleotide with the nucleic 
acid. 

303. The method of Claim 292 wherein th\ nucleic acid is viral RNA or DNA. 



304. The method of Claim 292 wherein the n\cleic acid is a gene associated with 
a disease. 

305. The method of Claim 292 wherein the nucle\c acid is a bacterial DNA. 



306. The method of Claim 292 wherein the nucleic lacid is a fimgal DNA. 
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307. The method of ClJum 292 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modilfied natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

308. The method of Claim y92 wherein the nucleic acid is from a biological 

source. 



309. The method of Claim 29\ wherem the nucleic acid is a product of a 
polymerase chain reaction amplification. 

310. The method of Claim 292 wlferein the nucleic acid is contacted with the first 
and second types of nanoparticles simult^eouaijy. 

311. The method of Claim 2l^2 wheJteinJhe-wfcIeic acid is contacted and 
hybridized with the oligonucleotides onJ^^firSftj^^of nanopd^cles before being contacted 
with the second type of nanoparticles. 

312. The method of Claim 3 1 1 Jjjierein the ^rst type of nanoparticles is attached 
to a substrate. 

313. The method of Claim 292 wherein the nudeic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticld^ results in the production of a 
triple-stranded complex. 

314. A method of detecting a nucleic acid having at le^t two portions comprising: 
providing a type of nanoparticles according to any one of Claims 253-265 

having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
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each nanoparticle comprising a sequence complementaiy to the sequence of at least two 

portions of the nucleic a4id; 

contactingVhe nucleic acid and the nanoparticles under conditions effective 
to allow hybridization of tHe recognition oligonucleotides on the nanoparticles with the two 
or more portions of the nuclide acid; and 

observing a dfetectable change brought about by hybridization of the 
recognition oligonucleotides oiMie nanoparticles with the nucleic acid. 



w 



315. A method of detectfhg nucleic acid having at least two portions comprising: 
contacting the nucleidacid with at least two types of nanoparticles according 
to any one of Claims 253-263/ilavirifcjecognition oligonucleotides attached thereto, the 
recognition oligonucleotides /bn the firsKpre of nanoparticles comprising a sequence 
complementary to a first pirtion of tfte sdauence of the nucleic acid, the recognition 
oligonucleotides on the second type of naADpa)dclescpHiprising a sequence complementary 
to a second portion of the sifluence of thAmjpHSic acid, the contacting taking place under 
conditions effective to alloWr hyb^^xis^ of^e recognition oligonucleotides on the 
nanoparticles with the nuclelqacid; and 

observing a aitectable chan^ brought about by hybridization of the 
recognition oligonucleotides U the nanoparticles with die nucleic acid. 



316. The method of Claim 3 1 5 wherein flje contacting conditions include freezing 
and thawing. 

317. The method of Claim 3 1 5 wherein the \ontacting conditions include heating. 



318. The method of Claim 3 1 5 wherein the e^etectable change is observed on a 
solid surface. 
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319. The method of ^laim 315 wherein the detectable change is a color change 
observable with the naked eye. 



320. The method of Claiki 319 wherein the color change is observed on a solid 



surface. 



321 . The method of Claim 3\5 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 

322. The method of Claim 321 \|yherein the nanoparticles are made of gold. 

323 . The method of Claim 3 lo whWeimhe recognition oligonucleotides attached 
to the nanoparticles are labeled on thefr ends nbt attathed to the nanoparticles with molecules 
that produce a detectable change upbn hybridi]fation\of the recognition oligonucleotides on 
the nanoparticles with the nucleic Icid. 



324. The method of C 
semiconductor nanoparticles 



lim 323 whVjgiftVtJie nanoparticles are metallic or 
fgcognitlon Oligonucleotides attached to the 



nanoparticles are labeled v^th fluoKScent molecul€ 

325. The method of Claim^ 1 5 wherein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides oA the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

the nucleic acid is further contacted v^th la filler oligonucleotide having a 
sequence complementary to this third portion of the nucleicWid, the contacting taking place 
under conditions effective to allow hybridization of the filler bligonucleotide with the nucleic 
acid. 
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326. The method of Claim 3 1 5 wherein the nucleic acid is viral RNA or DNA. 

327. The method of CP^im 3 1 5 wherein the nucleic acid is a gene associated with 
a disease. 

328. The method of Claim ^ 1 5 wherein the nucleic acid is a bacterial DNA. 

329. The method of Claim 3 116 wherein the nucleic acid is a fungal DNA. 

330. The method of Claim 315\wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally-modified 
natural or synthetic DNA. 

331. The method of Claimy315 wnprein tft^ nucleic acid is fi-om a biological 

source. 



332. The method of Claini\315 whekeir 
polymerase chain reaction amplificat 



icleic acid is a product of a 



333. The method of Claim 3 1 Swvherein th^ nucleic aqd is contacted with the first 
and second types of nanoparticles simultaneously. 

334. The method of Claim 315 wherein me nucleic acid is contacted and 
hybridized with the recognition oligonucleotides on the^ first type of nanoparticles before 
being contacted with the second type of nanoparticles. 



335. The method of Claim 334 wherein the first \ype of nanoparticles is attached 
to a substrate. 
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336. The method of Claim 3u5 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotide^on the nanoparticles results in the production of a 
triple-stranded complex. 



W 
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337. A method of detecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic \acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic^aod bounoNf* the substrate with a first type of 
nanoparticle-oligonucleotide conjugates^ccorcKng to any one of Claims 237-240, at least one 
of the types of oligonucleotides attached to the nanoparticles of the conjugates having a 
sequence complementary to a secono portion bf the sequ&nce of said nucleic acid, the 
contacting taking place under conditions effective tojmlow hybridization of the 
oligonucleotides attached to the nanopmicles o^I^^doi^ with said nucleic acid; and 

(c) observing a detectawqchange. 



338, The method of Claim 337viurtner compnsmg: 

(d) contacting the first type bf nanopartffile-oligonucleotide conjugates bound 
to the substrate with a second type of nanoparticle-oligbnucleotide conjugates according to 
any one of Claims 237-240, at least one of the types pf oligonucleotides attached to the 
nanoparticles of the second type of conjugates havingU sequence complementary to the 
sequence of one of the types of oligonucleotides attached flp the nanoparticles of the first type 
of conjugates, the contacting taking place under conditions effective to allow hybridization 
of the oligonucleotides attached to the nanoparticles o^ the first and second types of 
conjugates; and 

(e) observing the detectable change. 
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339. The method ofXIlaim 338 wherein at least one of the types of oligonucleotides 
on the nanoparticles of the ftrst type of conjugates has a sequence complementary to the 
sequence of at least one of theVypes of oligonucleotides on the nanoparticles of the second 
type of conjugates and the metnbd further comprises: 

(f) contacting the kecond type of conjugates bound to the substrate with the 
first type of conjugates, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotide on the nanoparticles of the first and second types of 
conjugates; and 

(g) observing the deteciable change, 

340. The method of Claim 339 v^^^feii^^ or steps (d) and (£) are repeated one 
or more times and the detectable chai>ge ispbserved) 

341 . The method of ClaAi 337 lurtJaer comprtsmg: 

(d) providing a lype of binoing olig<muc^eotides having a sequence 
comprising at least two portions, tfle first portionWiag^omplementary to at least one of the 
types of oligonucleotides attached rp thg,j«tfIoparflcles of the first type of conjugates; 

(e) contacting the ommng oligonucfteotides wdth the first type of conjugates 
bound to the substrate, the contactMig taking placa under Conditions effective to allow 
hybridization of the binding oligonuclijptides with the Oligonucleotides on the nanoparticles 
of the first type of conjugates; 

(f) providing a second type of nanop^icle-oligonucleotide conjugates 
according to any one of Claims 237-240, at least one of the types of oligonucleotides 
attached to the nanoparticles of the second type of Conjugates having a sequence 
complementary to the second portion of the sequence of tha binding oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of conjugates, the contacting taking place under conditions effective to allow 
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hybridization of the oligonucleo^des attached to the nanoparticles of the second type of 
conjugates with the binding oligomicleotides; and 
(h) observing the detectable change. 
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342. The method of Claim yAl further comprising: 

(i) contacting the seconcntype of conjugates bound to the substrate with the 
binding oligonucleotides, the contacting\taking place imder conditions effective to allow 
hybridization of the binding oligonucleotiqps with the oligonucleotides on the nanoparticles 
of the second type of conjugates; 

(j) contacting the binding oligAnjttdgottd^ bound to the substrate with the first 
type of conjugates, the contacting taking ©lace undeXconditions effective to allow 
hybridization of the oligonucleotides on t^e nanoparticles of u\e first type of conjugates with 
the binding oligonucleotides; and 

(k) observing the detect^le changeV 

343. The method of Claim 342 \\taerein stra§)feyand (g) Ar steps (e), (g), (i) and 0) 
are repeated one or more times, and the detectable chalage is observed. 



344. The method of Claim 337 vlperein the suc^trate is ^transparent substrate or 
an opaque white substrate, 

345. The method of Claim 344 wherein the detectable change is the formation of 
dark areas on the substrate. 



346. The method of Claim 337 wherein the nanopa^icles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. 
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347. The method of Claim \S46 wherein the nanoparticles of the conjugates are 
made of gold or silver. 

348. The method of Claim 3371 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an arrawo allow for the detection of multiple portions of 
a single nucleic acid, the detection of mulffiple different nucleic acids, or both. 

349. The method of Claim 337 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

350. The method of Claim 348 wher^n the substrate is contacted with silver stain 
to produce the detectable change. 



351. The method of Claim 3 
optical scanner 

352. The method of Claim 35 



' wherein the detectable change is observed with an 



.wherein the (ievice Is a flatbed scanner. 



353. The method of Claim 3 S^y^i^ef^ihe s&anner ite linked to a computer loaded 
with software capable of calculating greyscale ifteasureinents, and the greyscale 
measurements are calculated, to provide a^uantitative measure 6j the amoxmt of nucleic acid 
detected. 

354. The method of Claim 337 wherein the Oligonucleotides attached to the 
substrate are located between two electrodes, the nanoparttcles of the conjugates are made 
of a material which is a conductor of electricity, and the detectable change is a change in 
conductivity. 
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355. The method bf Claim 354 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 

356. The method of Claim 3 54 wherein the substrate is contacted with silver stain 
to produce the change in conductivity. 

357. The method of Claim 348 wherein each of the plurality of oligonucleotides 
attached to the substrate in the arraV is located between two electrodes, the nanoparticles are 
made of a material which is a conductor of electricity, and the detectable change is a change 
in conductivity. 

358. The method o&Claim 3^5\wherein the electrodes are made of gold, and the 
nanoparticles are made of golld. 



359. The method c 
to produce the change in co 



:iaim 357VherVn tiis.sttbstrate is contacted with silver stain 
jctivit 



360. A method of detecting a nucltic acM having at least two portions comprising: 

(a) contacting lie nucleic atid Mth a substrate having oligonucleotides 
attached thereto, the oligonucleotides having k seqience complementary to a first portion of 
the sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides onVhe substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claimi 243-250 having one or more types of 
recognition oligonucleotides attached thereto, k least one of the types of recognition 
oligonucleotides comprising a sequence complem^tary to a second portion of the sequence 
of said nucleic acid, the contacting taking placi under conditions effective to allow 
hybridization of the oligonucleotides on the nanopakicles with said nucleic acid; and 
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(c) observing a detectable change. 

361 . The method ok Claim 360 further comprising: 

(d) contacting tibe first type of nanoparticles bound to the substrate with a 
second type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto\at least one of the types of recognition oligonucleotides 
on the second type of nanoparticlesVomprising a sequence complementary to the sequence 
of one of the types of oligonucleotides^n the first type of nanoparticles, the contacting taking 
place under conditions effective to alldw hybridization of the oligonucleotides on the first 
and second types of nanoparticles; and 

(e) observing the detectabl^ change. 

362. The method of Claim 360 whbei^i^^ least one of the types of recognition 
oligonucleotides on the first type of ntoopaiiiclesl^ a sequence complementary to the 
sequence of at least one of the types o 
and the method further comprises: 

(f) contacting the seco 
first type of nanoparticles, the conta 
hybridization of the oligonucleotides 



oligonuc\eotide\on the second type of nanoparticles 



type of naAoparticffis boimd to the substrate with the 
|ng taking-pW^u^ conditions effective to allow 
the first ana second types of nanoparticles; and 



(g) observing the detefct ible change 



363. The method of Claim 362 



wherein step (dlor stefts (d) and (f) are repeated one 



or more times and the detectable change is observed. 

364. The method of Claim 360 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being comj^lementary to at least one of the 
types of oligonucleotides on the first type of nanoparticles; 
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(e) contactina the binding oligonucleotides with the first type of nanoparticles 
bound to the substrate, the Vontacting taking place under conditions effective to allow 
hybridization of the bindmg oligonucleotides with the oligonucleotides on the first type of 
nanoparticles; 

(f) providing a second type of nanoparticles according to any one of Claims 
243-250 having recognition oligdJiucleotides attached thereto, at least one of the types of 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to the second porti^ of the sequence of the binding oligonucleotides; 

(g) contacting the binffling oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides oh the second type of nanoparticles with the binding 

oligonucleotides; and 

(h) observing the d^ectab^e chan^ 

365. The method of cllaim 364 ftfrther com'brising: 

(i) contacting theW^cond type Wnanop Aicle§j30und to the substrate with the 
binding oligonucleotides, the cohWcting takj}^^ conditions effective to allow 
hybridization of the binding oligJ^ptfleotides J^th the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the biding oligonu^eotides b^und to the substrate vdth the first 
type of nanoparticles, the contacting taking plice undeA conditions effective to allow 
hybridization of the oligonucleotides on the first\type of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable change. 



366. The method of Claim 365 wherein steps te) and (g) or steps (e), (g), (i) and 0) 
are repeated one or more times, and the detectable chaAge is observed. 
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367. The method of C^aim 360 wherein the substrate is a transparent substrate or 
an opaque white substrate. 

368. The method of Claim^67 wherein the detectable change is the formation of 
dark areas on the substrate. 

369. The method of Claim 360 ^herein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



370. The method of Claim 369 wHerein the nanoparticles are made of gold or 



silver. 



371. The method of Claim 3/60 whereinVthe subsWate has a plurality of types of 
oligonucleotides attached to it in an d ray to allow Vor the detection of multiple portions of 
a single nucleic acid, the detection of ^[lultiple diffeilpnt nucleio^afid^ or both. 

372. The method of Claim 3|^(J^wh5i?eifrthe sl^bstrate is ^ntacted with silver stain 
to produce the detectable change. 



373. The method of Claim 371 wherein the subsVate is contacted with silver stain 
to produce the detectable change. 

375. The method of Claim 360 wherein the detecta^^le change is observed with an 
optical scanner 



376. The method of Claim 375 wherein the device is a flatbed scanner. 
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377. The method of Claim 37^ wherein the scanner is linked to a computer loaded 
with software capable of calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide ^quantitative measure of the amount of nucleic acid 
detected. 

378. The method of Claim 3 60 Wherein the oligonucleotides attached to the 
substrate are located between two electrodes, me nanoparticles are made of a material which 
is a conductor of electricity, and the detectable change is a change in conductivity. 

379. The method of Claim 378 wh^r^%itfieehs;pt^^ are made of gold, and the 
nanoparticles are made of gold. 

380. The method of Claim 37^wherein th^ substrate\s contacted with silver stain 
to produce the change in conductivity. 

381. The method of Claim 3 T^t^Uerein each\of the plurality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
made of a material which is a conductor o][|plectricity, anqthe detectable change is a change 
in conductivity. 

382. The method of Claim 381 wherein the elect^des are made of gold, and the 
nanoparticles are made of gold. 

383. The method of Claim 381 wherein the substrate^s contacted with silver stain 
to produce the change in conductivity. 

384. A method of detecting a nucleic acid having at least two portions comprising: 
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(a) contacting thetoucleic acid with a substrate having oligonucleotides 
attached thereto, the oligonucleotidels having a sequence complementary to a first portion of 
the sequence of said nucleic acid, thd contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucteic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 253-263 having one or more types of 
recognition oligonucleotides attached tlkreto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementary to a second portion of the sequence 
of said nucleic acid, the contacting takirig place under conditions effective to allow 
hybridization of the recognition oligonucleotiijes^ithe nanoparticles with said nucleic acid; 
and 

(c) observing a detectabley6han^. 

385. The method of Claim 384 further comprising: 

(d) contacting the first t ^e of nanoparticles boVmd to the substrate with a 
second type of nanoparticles according to any oneWjCldinrA53-263having recognition 
oligonucleotides attached thereto, at leaitpc^^ of redpgnition oligonucleotides 
on the second type of nanoparticles comdcising a sequ&nce complementary to the sequence 
of one of the types of oligonucleotides on tma first type omanoparticies, the contacting taking 
place under conditions effective to allow l^bridization of the oligopucleotides on the first 
and second types of nanoparticles; and 

(e) observing the detectable change. 



386. The method of Claim 385 wherein at least one of the types of recognition 
oligonucleotides on the first type of nanoparticles comprises asequence complementary to 
the sequence of at least one of the types of oligonucleotides on the second type of 
nanoparticles and the method further comprises: 
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(f) contacting the seconti type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides omthe first and second types of nanoparticles; and 

(g) observing the detectaale change. 

387. The method of Claim 386 whWein step (d) or steps (d) and (f) are repeated one 
or more times and the detectable change is observed. 



p. 



388. The method of Claim 384 fiirlher comprising: 

(d) providing a type of bidding oligonucleotides having a sequence 
comprising at least two portions, the first portion beingcomplementary to at least one of the 
types of oligonucleotides on the first type of^imoparticlek 

(e) contacting the binding oligoniLleotides wi\h the first type of nanoparticles 
bound to the substrate, the contacting mking place under conditions effective to allow 
hybridization of the binding oligonuclecju^s wit^the oligonuc^leotidps on the first type of 
nanoparticles; 

(f) providing a second tyAc i£jiaH(5pfcticles according to any one of Claims 
253-263having recognition oligonucleotide attached thereto, atueast one of the types of 
recognition oligonucleotides on the second! type of nanoparticlep comprising a sequence 
complementary to the second portion of tha sequencepf the bind^g oligonucleotides; 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanoparticles, the contacting taking placaunder conditions effective to allow 
hybridization of the oligonucleotides on the second typ^of nanoparticles with the binding 
oligonucleotides; and 

(h) observing the detectable change. 



389. The method of Claim 388 further comprisn 
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(i) contacting the secdivd type of nanoparticles bound to the substrate with the 
binding oligonucleotides, the contacting taking place under conditions effective to allow 
hybridization of the binding oligonucleotides with the oligonucleotides on the second type 
of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the first 
type of nanoparticles, the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on th)^ first type of nanoparticles with the binding 
oligonucleotides; and 

(k) observing the detectable ch^tnge. 

390. The method of Claim 389 wherein $teps (e\and (g) or steps (e), (g), (i) and 0) 
are repeated one or more times, and the det/ctabld changais observed. 



o 



391. The method of Claim 384 )/^herein th\ substrate is a transparent substrate or 
an opaque white substrate. 

392. The method of Claim 39lJ^f^m the de\ectablV change is the formation of 
dark areas on the substrate. 



393. The method of Claim 384 wherein the nanoparticles are metal nanoparticles 
or semiconductor nanoparticles. 



394. The method of Claim 393 wherein the nanopakicles are made of gold or 



silver. 



395. The method of Claim 384 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detectionVof multiple portions of 
a single nucleic acid, the detection of multiple different nucleic acicfe, or both. 
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396. The method of Claim ^4 wherein the substrate is contacted with silver stain 
to produce the detectable change. 

372. The method of Claim 395 Vherein the substrate is contacted with silver stain 
to produce the detectable change. 

398. The method of Claim 384 whe)^in the detectable change is observed v^th an 
optical scanner 

399. The method of Claim 398 wherein W device is a flatbed scanner. 

400. The method of Claim 398 whec^n the sc^mer is linked to a computer loaded 
with software capable of calculating gfeyscala measurements, and the greyscale 
measurements are calculated, to provide a (J^antitativd^measUf e of the amount of nucleic acid 
detected. 



401. The method of Claim 3 84 -'^Herein thd oligonucleotides attached to the 
substrate are located between two electrodes, me nanoparflicles aire made of a material which 
is a conductor of electricity, and the detectablA change is d chaiige in conductivity. 

402. The method of Claim 401 wherein the electrJijdes are made of gold, and the 
nanoparticles are made of gold. 

403. The method of Claim 401 wherein the substrate ^ contacted v^th silver stain 
to produce the change in conductivity. 

404. The method of Claim 397 wherein each of the plitality of oligonucleotides 
attached to the substrate in the array is located between two electrodes, the nanoparticles are 
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made of a material which is a conductor of electricity, and the detectable change is a change 
in condxittivity. 

405. \ The method of Claim 404 wherein the electrodes are made of gold, and the 
nanoparticles arfe made of gold. 

406. The method of Claim 404 wherein the substrate is contacted with silver stain 
to produce the change irkconductivity. 
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407. A method of ofetecting a nucleic acid having at least two portions comprising: 

(a) contacting the nucleic ahid with a substrate having oligonucleotides 
attached thereto, the oligonucleotraes being \ocated between a pair of electrodes, the 
oligonucleotides having a sequence V)mplementJu7 to a first portion of the sequence of said 
nucleic acid, the contacting takinaplacfe under conflitiong^fifective to allow hybridization of 
the oligonucleotides on the substibtelwim sai^jHl^ acid; 

(b) contacting saidWcIei^^ bound to the substrate with a fu-st type of 
nanoparticles, the nanoparticles beinjg made of a material which can conduct electricity, the 
nanoparticles having one or more types of oligonucleotides attached thereto, at least one of 
the types of oligonucleotides having a^equence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place imder conditions effective to allow 
hybridization of the oligonucleotides on the nanopartic;Jes with said nucleic acid; and 

(c) detecting a change in conductivity. 



408. The method of Claim 407 wherein the substritfe has a plurality of pairs of 
electrodes located on it in an array to allow for the detection of multiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, orNboth, each of the pairs of 
electrodes having a type of oligonucleotides attached to the substrate between them. 
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409. The method onClaim 407 wherein the nanoparticles are made of metal. 

410. The method of Claim 407 wherein the nanoparticles are made of gold or 



silver. 



411. The method of ClaimV07 wherein the substrate is contacted with silver stain 
to produce the change in conductivit 

412. The method of Claim 40 Y further comprising: 

(d) contacting the first tyne of nanoparticles boimd to the substrate with a 
second type of nanoparticles, the nanoparticles being made of a material which can conduct 
electricity, the nanoparticles having oligonW^otiHfes attached thereto, at least one of the 
types of oligonucleotides on the second troe of nanoparticles comprising a sequence 
complementary to the sequence of one ©f the Wpes of oligonucleotides on the first type of 
nanoparticles, the contacting taking plape imdenconditionsYffective to allow hybridization 
of the oligonucleotides on the first and second tj^^es of nanc^articl^s; and 

(e) detecting the changeUn conducfivity, 

413. The method of Claim 412 vmCTein at least one of thatypes of oligonucleotides 
on the first type of nanoparticles has a sequence commementary tosdie sequence of at least 
one of the types of oligonucleotides on tP\p second ty||e of nanoparticles and the method 
further comprises: 

(f) contacting the second type of nanoparticles bound to the substrate with the 
first type of nanoparticles, the contacting taking place unoer conditions effective to allow 
hybridization of the oligonucleotides on the first and secona^types of nanoparticles; and 

(g) detecting the change in conductivity. 
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414. The method of Claicn 413 wherein step (d) or steps (d) and (f) are repeated one 
or more times and the change in opnductivity is detected. 

415 The method of Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with an 
aggregate probe having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being made of a material which can conduct electricity, at least one of the types of 
oligonucleotides on the aggregate prore comprising a sequence complementary to the 
sequence of one of the types of oligonubleotides on the first type of nanoparticles, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the aggregate probe with the oligonucleotides on the first type of 
nanoparticles; \^ 

(e) and detecting the chanM irBconductrvity. 

416. A method of detecting m icleic acM having a\ least two portions comprising: 

(a) contacting a nucleic ac id with a substrate hgvingx)ligonucleotides attached 
thereto, the oligonucleotides being locm d betweena paipefelfectrodes, the oligonucleotides 
having a sequence complementary to a ffiptppitlon m the seqiKnce of said nucleic acid, the 
contacting taking place \mder condmons effectwe to allow hybridization of the 
oligonucleotides on the substrate with saw nucleic aciM; \ 

(b) contacting said nucleic acid bound to the substiate with an aggregate probe 
having oligonucleotides attached thereto, at least one of tWe types of oligonucleotides on the 
aggregate probe comprising a sequence complementary to me sequence of a second portion 
of said nucleic acid, the nanoparticles of the aggregate probeWing made of a material which 
can conduct electricity, the contacting taking place imder conditions effective to allow 
hybridization of the oligonucleotides on the aggregate probe with the nucleic acid; and 

(c) detecting a change in conductivity. \ 
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417.\ A method of detecting a nucleic acid wherein the method is performed on a 
substrate, the iriethod comprising detecting the presence, quantity, or both, of the nucleic acid 
with an optical sc 



ler. 



418. The me&od of Claim 417 wherein the device is a flatbed scanner. 

419. The metho^of Claim 417 wherein the scanner is linked to a computer loaded 
with software capable ok calculating greyscale measurements, and the greyscale 
measurements are calculated, \provide a quantitative measure of the amount of nucleic acid 
detected. 

420. The method of ClaimW^ier^the scanner is linked to a computer loaded 
with software capable of providing a|/irilage of the^bstrate, and a qualitative determination 
of the presence of the nucleic acid/the qiWtity of tlte nucleic acid, or both, is made. 



42 1 . A kit comprising a i 



itainer holding nanApartigle^ligonucleotide conj ugates 



according to any one of Claims 237^242. 

422. A kit comprising a cd^ner holding^nano^articles according to any one of 
Claims 243-265. 

423. A kit comprising a substrate having attaWd thereto at least one pair of 
electrodes with oligonucleotides attached to the substrate tfetween the electrodes. 

424. The kit of Claim 423 wherein the substrateVas a plurality of pairs of 
electrodes attached to it in an array, to allow for the detection of rriultiple portions of a single 
nucleic acid, the detection of multiple different nucleic acids, or bVth. 
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425 . method of nanofabrication comprising 

p^viding at least one type of linking oligonucleotide having a selected 
sequence, the seqXce of each type of linking oligonucleotide having at least two portions; 

provKling one or more types of nanoparticle-oligonucleotide conjugates 
according to any one oKf laims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of cdnjugates having a sequence complementary to the sequence of a 
portion of a linking oligonucleotide; and 

contacting th\ linking oligonucleotides and conjugates under conditions 
effective to allow hybridization of the oligonucleotides attached to the nanoparticles of the 
conjugates to the linking oligoniifcleotides so that a desired nanomaterial or nanostructure is 
formed wherein the nanoparticle^of the conjugates are held together by oligonucleotide 
connectors. 



426. A method of nano 
providing at least 
sequence, the sequence of each 



ibrica^ion commising 

one type of linking oligonucleotide having a selected 
|e of linking oligjipiCleotide having at least two portions; 



providing one or mVetypeS^anopirticles according to any one of Claims 
243-265, the recognition oligonuci)tides on e\ch of\he types of nanoparticles comprising 
a sequence complementary to the seVence of aWi^ of a linking oligonucleotide; and 

contacting the linkingi)ligonucleo\ide|and nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or \anostructure is formed wherein the 
nanoparticles are held together by oligonucleotide conJ^ctors. 



427. A method of nanofabrication comprising: 

providing at least two types of nanoparti\le-oligonucleotide conjugates 
according to any one of Claims 237-242, 
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the oligonucllotides attached to the nanoparticles of the first type of 
conjugates having a sequence lomplementary to that of the oligonucleotides attached to the 
nanoparticles of the second tyj|e of conjugates; 

the oligonucleoUdes attached to the nanoparticles of the second type of 
conjugates having a sequence cLplementary to that of the oligonucleotides attached to the 
nanoparticles of the first type of ftonjugates; and 

contacting the firstknd second types of conjugates under conditions effective 
to allovsr hybridization of tiie oligonucleotides on the nanoparticles of the conjugates to each 
otiier so that a desired nanomaterialV nanostructure is formed. 

428. A method of nanofabricktion comprising: 

providing at least two typ\s of nanoparticles according to any one of Claims 

243-265, /\\ 

tiie recognition oligonyfcleotldes on^e first type of nanoparticles comprising 
asequence complementary to tiiatofXeoligLcleotVsontiiesecondoftiie nanoparticles; 

tiie recognition oliJonucleotWes on W^egoJid type of nanoparticles 
comprising a sequence complemenlry to tiJ^^ on tiie first type of 

nanoparticles; and \\^: \ \ 

contacting tiie first LiW second types of Vanoparticles under conditions 
effective to allow hybridization of tiii iligonucleotWs on tiie nanoparticles to each otiier so 
tiiat a desired nanomaterial or nanostructure is formed. ^ 

429. Nanomaterials or nanostructures compdsed of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242, tiiLanoparticles being held togetiier 
by oligonucleotide connectors. \ 

430. Nanomaterials or nanostructures composed ofinanoparticles according to any 
one of Claims 243-265, tiie nanoparticles being held togetiier Av oligonucleotide connectors. 
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431. A method of sjsbarating a selected nucleic acid having at least two portions 
from other nucleic acids, the ni|pthod comprising: 

providing two or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the nanoparticles 
of each of the types of conjugates Having a sequence complementary to the sequence of one 
of the portions of the selected nucleic acid; and 

contacting the nucleic acids and conjugates under conditions effective to 
allow hybridization of the oligonucleotideaon the nanoparticles of the conjugates with the 
selected nucleic acid so that the conjugates hybn^ized to the selected nucleic acid aggregate 
and precipitate. 

432. A method of sepamting a selected nu^leja^acid having at least two portions 
from other nucleic acids, the me^bd comprtsj 

providing two or moce't^es ofnanopaAicles according to any one of Claims 
243-265, the oligonucleotides on each of thi types 6f nanoparticles having a sequence 
complementary to the sequence of one of the portions 6f the selected nucleic acid; and 

contacting the nucleic acids and manopamcles under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticles with the selected nucleic 
acid so that the nanoparticles hybridized to tn^ selected nucleic acid aggregate and 
precipitate. 
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